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INTRODUCTION 


This  final  report  summarizes  the  results  of  a study  performed  for  Rome  Air 
Development  Center  by  HARRIS  Electronic  Systems  Division  (Harris  ESD)  for  analysis  and 
definition  of  image  terminals  and  configurations  required  to  meet  anticipated  Department 
of  Defense  requirements.  The  report  is  divided  into  four  major  sections  and  an  Appendix. 
Section  2.0  reviews  the  basic  study  requirements  and  system  constraints  and  contains  a 
brief  review  of  some  system  considerations  for  image  terminal  interaction  and  throughput. 

It  is  shown  that  some  form  of  data  compression  is  required  to  achieve  the  desired  throughput. 
Section  3.0  is  the  major  technical  section  in  which  evaluation  of  various  technologies, 
equipment,  and  operability  conditions  is  performed.  The  specific  recorder/sconner  candi- 
dates include  laser-galvanameter,  cathode  ray  tube,  drum  and  laser  beam  types.  It  is 
concluded  that  terminal  configurations  should  be  based  on  drum  and  laser-galvanometer 
recarder/scanner  technology,  depending  upon  the  type  of  imagery  which  is  to  be  processed 
by  the  terminal . Section  4.0  briefly  describes  the  main  features  and  performance  param- 
eters of  four  terminal  types.  The  terminal  configurations  are  comprised  of  modular  compo- 
nents which,  beginning  with  the  least  complex  version,  can  be  upgraded  by  adding  higher 
performance  recorder/scanners  and  more  processing  capability.  Section  5.0  describes 
advanced  development  projects  which  are  recommended  to  be  performed  in  conjunction 
with  the  program  and  ulso  summarizes  the  cost  estimates  for  several  potential  network 
implementation  scenarios.  The  final  section  is  an  appendix  which  discusses  the  current 
and  anticipated  military  communications  environment  in  Europe. 
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REQUIREMENTS  AND  SYSTEM  CONSTRAINTS 


3 


2.0 


REQUIREMENTS  AND  SYSTEM  CONSTRAINTS 


2-1  Syittn  Definitions  ond  Assumptions 

The  primory  technical  requirement  of  this  study  is  to  produce  general  speci- 
fications, operational  analyses  ond  cost  data  for  several  different  Image  terminals.  The 
image  terminals,  which  or.  point,  of  interface  with  an  imagery  (commission  system,  are 
devices  used  far  the  receipt  and/or  transmission  of  electrically  transmitted  imogmy.  The 
four  different  typm  of  terminals  evaluated  are  classified  according  to  their  ability  to 
receive  and/or  transmit  a range  of  Image  scanning  densities.  The  "B"  terminal  has  the 
capability  of  transmitting  and  receiving  Images  with  the  highest  resolution,  i.e. , with 
scanning  density  of  2000  I Winch  ond  lower.  The  "C"  terminal  receive,  ondVronanit, 
imagery  at  scanning  densities  of  betwmsn  800  ond  1 000  lin«/inch  and  lower.  The  "D" 
tenninol  receive,  and  tromn.it>  b«w..n  300  and  500  lines/lnch  and  lower  whereas  the 
■v  terminal,  which  w.  will  refer  to  hereafter  a.  I he  D ("D"  Read  Only)  terminal, 
receives  300  to  500  linm/inch  ond  lower  imagery.  For  purposes  of  this  study,  it  is 
rmumml  that  imagery  received  feme,  or  Committed  to,  terminals  with  a scan  density 
lower  than  300  to  500  lines  per  Inch  w|l!  be  consistent  „i,h  ,h.  operating  porameten 
of  the  Tactical  Digital  Facsimile  (TDF)  equipment. 

Four  image  quality  group,  hove  bwn  defined  so  that  a generalized  Imog, 

quality  perfannanc.  char.ct.rl, tic  con  be  identify  and  associated  with  an  image 
product . 

• jgw  Readability  (LR);  A level  of  image  quality  that  is  suitable  For 
briefing  aids  and  similar  products  as  defined  by  individual  user*.  This 
quality  level,  chosen  to  be  less  than  3 line  pairs  per  millimeter,  is 
established  to  provide  a quality  descriptor  for  transmitted  materials 
which  can  fulfill  an  operational  requirement  even  at  this  relatively 
low  resolution.  Briefing  quality  materials  would  be  suitable  for  trans- 
mission by  a system  which  operates  at  less  than  220  lines  per  inch. 


• Medium  Readobility  (MR):  An  image  quality  range  of  3-4  line  pairs 
per  millimeter  viewed  at  a distance  of  18  inches  with  average  lighting 
and  contrast  (physiological  limit  of  the  average  eye).  An  image  of 
quality  greater  than  medium  readability  could  be  optically  magnified 
ta  obtain  more  information.  An  image  af  less  than  medium  readability 
quality,  if  optically  magnified,  would  not  provide  additional  informa- 
tion. This  quality  is  resolvable  by  a scanning  system  operating 
between  220  and  430  lines  per  inch. 

• High  Readability  (HR);  An  image  quality  range  af  6-20  lines  per  milli- 
meter. This  quality  is  resolvable  by  a scanning  system  operating  at 
430  ta  1400  lines  per  inch. 

• Pj_ Quality;  PI  quality  is  defined  as  an  image  quality  range  varying 
from  the  upper  bound  af  the  "High  Readability  Quality"  range  ta  the 
quality  of  the  sensing  system  that  created  the  original  image.  Actual 
transmitted  qualities  may  vary  throughout  this  range  depending  upon 
format  and  magnification  factors;  however,  the  information  content  of 
♦he  sensing  system  shall  be  retained  as  closely  ce  possible. 

Figure  2. 1 compares  the  terminal  scan  density  range  with  the  image  quality 
range,  defined  above.  A terminal  af  a given  scan  density  range  also  includes  the  ability 
ta  receive  and/or  transmit  at  lower  scan  densities . 

Evaluation  Factors 

Factors  used  as  a basis  for  technical  evaluation  af  the  terminal  are  sum- 
marized below: 

. RjmUjHoo:  A factor  which  cov.n  o brood  rang*  from  about  3-30 

eyel.»  p.r  Th.  prlnelpl.  aim  of  th.  .tudy  I,  to  conflgut. 

*«  faiminol  f,  provld.  o copdtity  tronpnittin,,  a„  ^ |l)MJ(|#(y 

WKl  graph;*  at  th.  minimum  occ.ptobl.  quality  laval  ta  wur.  th. 
most  timely  dissemination  of  the  product. 
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Figure  2.1 . Image  Quality  and  Terminal  Operating  Ranges  for  Scan  Density 


Shades  of  Grey:  A Factor  Expressed  in  Bits  Per  Pixel  - The  upper  limit 
for  the  number  of  grey  shades  discerned  and  reproduced  by  the  equip- 
ment is  specified  at  6 bits/pixel  or  64  shodes  per  pixel  in  all  areas  of 
the  image  that  are  not  degraded  by  data  reduction  schemes.  For  docu- 
ment transmission  only  two  shades  of  grey  are  considered. 

Data  Compression/Reduction:  The  baseline  approach  uses  the  Redun- 
dant Area  Coding  (REARC)  scheme  which  has  produced  data  reductions 
on  the  order  of  20:1  and  greater  on  the  Experimental  Image  Compres- 
sion System  (EICS).  The  REARC  concept  is  explained  in  Paragraph 
3.3. 
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• Input/Output  Foctors:  Each  terminal  will  be  capable  of  recording 
and  scanning  opaque  or  transparent  material  and  be  able  to  record 
positive  or  negative  images.  The  maximum  image  format  size  is  9 
inches  by  13  inches.  Terminals  "B"  and  "C"  shall  have  the  capo** 
bility  to  scan  selective  portions  within  this  format. 

• Recording  Medio:  Both  silver  halide  film  and  dry  silver  paper  and 
film  should  be  considered  as  options. 

• Automatic  Operation:  Automated  operation  of  the  terminal  should  be 
considered  to  the  maximum  practicable  extent  without  compromising 
reliability  or  producing  inordinately  complex  or  costly  implementation. 

• Digital  Interface  and  Temporary  Storage:  A factor  which  permits 
digital  input  to  the  system  processor  and  bulk  storage  of  digitized 
imagery  for  a store  and  forward  mode  of  operation. 

• Security?  A factor  which  assures  that  the  terminal  is  compatible  with 
existing  communications  security  (COMSEC)  equipment  and  meets  all 
applicable  TEMPEST  requirements. 

e Militarization:  A factor  to  which  consideration  shall  be  given  for 
ruggedization  of  the  equipment.  Most  terminals  are  assumed  to  be 
installed  in  office  type  environments.  Field  deployable  terminals  may 
be  used  in  tactical  shelters  and  other  transportable  military  containers. 
The  cost  impact  of  full  military  specification  ruggedization  it  to  be 
determined. 

e Intercom potibi I ity  • A factor  which  requires  that  each  terminal  type  be 
able  to  communicate  with  any  other  terminal.  Scale  and  format 
changes  should  be  considered . 

e Modularity:  A factor  which  requires  that  the  terminals  be  configured 
for  easy  upgrading  to  higher  capability  by  adding  either  improved  or 
additional  modules. 
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• Communi  cot  ions  interface:  A factor  requiring  easy  interface  to  a 
variety  of  communication  links  including  wire  line,  microwave,  tropo- 
spheric scatter  and/or  satellite  communications. 

• Data  Rote:  A factor  which  applies  to  the  communication  network  and 

the  internal  terminal  data  rate.  The  terminal's,  scanning,  digitizing, 
and  recording  rate  should  not  be  the  limiting  factor  affecting  trans- 
mission time  for  data  rates  up  to  32  kb/s,  including  data  compression. 

The  "B"  terminal  will  be  configured  to  supply  data  at  1 .5  mb/s  but, 
in  this  case  only,  without  data  compression. 

e Broadcast  Mode:  A factor  which  requires  certain  terminals  to  simultoh- 
neously  transmit  to  more  than  one  terminal. 

e Maintenance:  Terminals  are  to  be  configured  for  easy  maintainability 
by  field  service  personnel. 

e Data  Processing:  Several  data  processing  techniques  will  be  examined 
and,  if  appropriate,  the  hardware  will  be  selected  from  a list  of  stan- 
dard DOD  processors. 

Although  the  factors  listed  above  are  adequate  to  perform  a top  level  evalu- 
ation of  the  terminal  performance,  a detailed  in-depth  evaluation  required  information 
on  communication  boding  and  time-erhicol  demands  which  were  not  avoilable  during 
the  course  of  the  study  effort.  Consequently,  the  conclusions  reached  and  the  resulting 
recommendations  are  based  on  certain  assumptions,  most  of  which  ore  taken  as  worst- 
“sase  emotions.  The  effect  of  these  assumptions  may  be  to  place  more  severe  constraints 
on  the  hardware  than  is  octuolly  required.  For  example,  it  has  been  assumed  that  the 
average  data  rate  which  must  be  sustoined  by  all  terminals  is  equivolent  to  operating 
over  a 32  kb/s  link  with  data  compression  factors  up  to  20X.  This  produces  an  overage 
data  rate  of  640  kb/s  with  instantaneous  rates  several  times  higher,  thereby  placing 
greater  demands  on  the  processing  and  recording  equipment  than  may  be  actually 
required.  The  price  for  greater  capability  is  usually  higher  cast.  Detailed  examination 
of  all  system  aspects  will  be  required  to  determine  if  the  conclusions  reached  in  this 
study  are  consistent  with  anticipated  terminal  usage. 
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2 • 2 Terminal  Interaction 

The  image  lemincli  which  are  evaluated  in  this  report  are  configured  on 
the  basis  of  certain  assumptions  regarding  the  method  which  may  be  used  to  initiate, 
maintain,  and  modify  transmission  of  the  image.  The  terminal  is  assumed  to  be  connoted 
to  o fixed  rat.  communication  link;  the  bit  rate  aver  the  link  being  determine  by  o 
locol  oscillator  located  at  the  transmission  site.  A block  diagram  of  the  general  termi- 
nal components  i,  shown  in  Figure  2.2.  The  general  steps  far  transmitting  on.  scon  line 
of  data  to  o recorder  ore  identified  below. 


Figure  2,2.  General  Block  Diagram  of  Terminal 
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• The  terminal  data  processor  commands  the  scanner  ta  scon  o line, 
encodes  the  doto  in  on  output  buffer  from  which  data  is  clocked  ot 
link  bit  rote  to  the  COMSEC  equipment. 

e The  COMSEC  equipment  encrypts  the  encoded  data  and  passes  the 
encrypted  data  to  tho  modem  if  the  transmission  is  to  be  made  over  an 
analog  link. 

e The  modem  converts  the  digital  data  into  a form  which  is  suitable  for 
transmission  aver  the  analog  link.  For  a digital  link,  the  encrypted 
data  is  connected  directly  to  the  link. 

e The  encrypted  data  is  transmitted  over  the  link  and  reconverted  to  its 
original  encrypted  digital  form,  if  required,  at  the  receiver. 

e The  digital  data  is  transmitted  through  the  COMSEC  equipment  which 
converts  it  to  the  form  of  the  original  encoded  doto. 

e The  data  is  decoded  and  placed  Into  an  output  buffer  one  line  at  a 
time  by  the  data  processor  in  the  receiving  terminal. 

e The  image  recorder  is  commanded  to  step  one  line  when  the  output 
buffer  is  full . 

e The  output  buffer  is  emptied  by  transferring  its  contents  to  the  image 
recorder  which  exposes  one  line  of  imagery. 


Transmission  is  started  by  synchronizing  the  COMSEC  equipment.  When  the 
transmitter  is  manually  commanded  to  transmit,  four  setup  words,  such  cm  shown  in  Figure 
2.3,  are  transmitted  at  512  bit  intervals.  The  receiver  detects  the  sync  code  and  compares 
odfacent  words  until  two  are  found  that  are  identical . This  multiple  setup  word  trans- 
mission is  used  to  reduce  the  probability  of  either  missing  the  stort  of  picture  or  obtaining 
the  wrong  setup  data  when  burst  errors  are  encountered.  The  setup  information  includes 
the  scon  density  at  which  the  data  is  to  be  transmitted,  areas  of  the  picture  which  are  ta 
be  step  coded,  the  number  of  bits  Into  which  the  density  function  is  quantized,  and  a 
flag  bit  identifying  that  the  coding  has  been  bypassed  for  this  transmission.  The  data 
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processor  in  the  receiver  uses  this  Informotion  to  select  which  recorder  type  (if  more 
than  one  option  is  available)  is  ta  be  used  and  to  select  the  line  and  pixel  deletion  or 
repetition  ratio.  The  receiving  terminal  would  normally  produce  images  with  the  same 
scale  factor  as  on  the  original.  The  receiving  terminal  alters  the  recording  resolution 


ta  maintain  the  same  scale  factor;  manual  intervention  is  required  to  effect  a scale  change. 


Redundant 

RE  ARCS  Coding  Bypassed 

SYNC 

Transmitter 

area  select 

Quantized 

32  bits 

2 bits 

117  bits 

1 bit 

1 bit 

Transmitter  Setup  Data  Frame 

e Transmitted  4 times  at  intervals  of  512  bits 
e Two  odjacent  frames  must  be  received  which  compare  at  receiver 


for  acceptance 

Elements  are: 

Sync 

a fixed  Barker  word  sync  to  allow 
detection  of  start  of  message  by  receiver. 

Transmitter 

Identifies  transmitting  terminal  scan  density. 

Redundant  Area  Identifies  In  unltory  code  by  1-Inch  square  areas 
Select  the  redundont  orea. 

Quantized 

Identifies  the  level  of  quantization  of  the 
transmitted  data. 

Coding  Bypass 

Identifies  the  following  messoge  as  being 
REARCS  coded  or  not. 

Figure  2.3. 

Image  Transmission  Setup 

On  completion  of  transmission  of  the  last  setup  word,  the  transmitter  sends 
three  consecutive  30-bit  sync  words  which  identify  the  start  of  date.  The  30-bit  sync 
word  is  transmitted  once  more  with  no  Intervening  Interval  to  Identify  start  of  the  first 
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data  black.  If  the  data  of  this  first  line  contains  bath  step  and  Huffman  coded  data, 
the  3<Hbit  sync  word  is  inverted  and  repeated  once  again.  The  data  is  broken  every 
256  samples  for  the  insertion  of  11-bit  step  coding  parity  check  word  or  a 13-bit  parity 
ward  for  Huffman  coding.  End  of  line  code  is  not  provided.  For  the  situation  where  the 
scanner  or  data  processor  cannot  provide  data  at  a rate  which  is  fast  enough  to  fill  the 
link,  fill  bits  are  inserted  until  the  next  line  is  ready.  Each  line  has  the  30-bit  sync 
pattern  repeated  once  for  lines  which  contain  single  codes  or  twice,  with  inversion  of 
the  second  repetition,  far  lines  which  have  mixed  codes.  The  first  line  of  each  1-inch 
block  af  copy  is  preceded  by  two  consecutive  transmissions  of  the  complement  of  the 
30-bit  sync  pattern.  The  end  of  picture  is  signalled  by  a repetition  af  three  consecutive 
30-bit  sync  patterns.  After  a delay  af  512  bits,  the  end  of  picture  message  is  repeated. 

The  receiver  accepts  the  decrypted  data  and  identifies  the  start-af-picture 
code.  The  data  which  follows  is  decoded  and  checked  for  parity  error.  Upon  completion 
of  the  decoding  operation,  the  line  of  data  is  transferred  from  the  output  buffer  to  the 
recorder.  At  the  same  time,  a second  buffer  is  being  filled  as  the  data  from  the  new  line 
is  decoded.  When  the  first  buffer  is  empty,  the  recorder  is  commanded  to  step  to  the  next 
line  and  is  then  ready  to  record  data  from  the  second  buffer.  Pixel  deletion,  repetition 
and  line  deletion  is  handled  by  the  data  processor  before  data  is  stored  in  the  output 
buffer.  Line  repetition  is  implemented  by  reading  the  buffer  several  times  before  switch- 
ing ta  the  next  buffer. 

Manual  inputs  are  required  to  define  scan  resolution,  tolerance  for  step 
code,  bypass  condition,  redundant  areas  and  quantization.  Scale  change  is  achieved 
by  manual  intervention  of  both  transmitter  and  receiver  operating  personnel.  Manual 
override  at  the  receiver  may  be  used  to  cause  the  recorder  to  produce  an  image  with  a 
two,  four  or  eight  times  expansion  of  scale  as  indicated  below: 


Source  Terminal 

Receiving  Terminal 

Scale  Changi 

"B" 

Any 

1,2,  4,8 

■i£  a 

Any 

1,2,4 

"0" 

Any 

1,2 
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Thus,  the  "B"  terminal  may  obtain  an  8X  magnification  af  a subelement  of  the  frame  by 
transmitting  at  say  1600  and  recording  at  say  200  I pi . 


2.3  Throughput  Considerations 

The  number  af  bits  required  to  represent  a scanned  and  digitized  picture, 
with  no  coding  overhead  or  data  reduction,  is  given  by: 


N 1 hwqshsw 


where  N is  the  total  number  of  bits 


H is  the  image  height 

W is  the  image  width 

Q is  the  quantization  level 

is  scan  density  in  the  image  height  direction 

Syy  is  the  pixel  density  in  the  image  width  direction 
For  this  discussion,  and  are  assumed  to  be  equal  and  will  be  referred  to  as  S. 
Consequently,  the  expression  for  bit  capacity  is 

N = HWQS2 


The  number  of  images  which  can  be  transmitted  per  unit  time  is  referred 
to  as  the  system  throughput.  Expressed  in  terms  of  images  per  hour,  the  throughput  is  given  by: 


3600  L 
N 


3600  L 

— 2 

HWQS* 


where  L is  link  bit  rate  in  bits  per  second. 

2 

The  S factor  nonlinearly  limits  throughput.  Doubling  the  sample  density 
doubles  the  resolution  of  the  reconstructed  picture,  but  reduces  the  number  of  pictures 
which  may  be  transmitted  per  unit  time  by  a factor  of  four. 


The  throughput  rote  (In  pictures  per  hour)  for  various  link  bit  rates, 
quantizations,  and  image  sizes  are  shown  in  Figure  2.4.  Note  that  only  0.45  - 9 inches 
x 9 inches  images  per  hour  can  be  transmitted  over  a 9.6  kb/s  link  when  sampled  at  400 
lines  and  samples  per  inch  and  quantized  to  6 bits.  A minimum  of  2 hours  and 


LINK  BIT  RATE  (BITS/SEC) 


Flguro  2.4.  Image  Throughput  Venus  Link  Bit  Rate 
For  Link  Limited  Operation  (No  Overhead) 

13  minutes  would  be  required  to  transmit  a single  image.  Using 
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only  Huffmon  DPCM  coding  on  this  imog.  increoies  the  overoge  throughput  to  1 .1 

imoge*  per  hour  while  o typicol  (10:1  compr«.lon)  opplieotlon  of  REARCS  ine«o»,  i, 
further  to  4.5  images  per  hour. 

It  should  be  remembered  thot  the  omount  of  doto  comprealon  which  con  be 
ochieved  with  ony  type  of  compression  technique  i,  not  o comtont  but  depend,  on  mony 
factors.  The  octual  mount  of  data  compression  is  a function  of: 

e image  size 

• the  size  of  the  redundant  area 

• the  quantization  levels  in  the  redundant  and  nonredundant  areas 

e the  line  and  pixel  deletion  ratio  in  the  redundant  area 

• the  tolerance  assignments  in  the  step-coded  region 

• spatial  and  temporal  scanning  spot  intensity  distribution 

e the  density  distribution  in  the  image 

The  effect  of  these  factors  is  to  couse  the  amount  of  dato  reduction  to 
oppeor  as  a random  variable . The  amount  of  data  reduction  using  o REARCS  approach 
vorl«  from  0.55  to  282  with  o moor  yolu.  of  10  to  12  for  mo.t  g my  shod.  Imagory.  Th. 
omsunr  of  dafo  Merlon  using  only  o Huffmon  oncodmf  DFCM  oppnsoch  vorl.,  (nm 
0.46  ro  d With  O ntoon  vol„.  of  obotf  3.  Those  «rimor«  do  not,  how*™,  includ.  th. 
nonnol  sysrmr  oy.rh.od  bit.  but  r.fr,  only  to  doto  os«,clot«f  with  th.  Imog..  Rgu» 

2.5  show,  th,  rang,  ovw  which  Imog.  Ihroughput  moy  b.  off.ct.d  by  dlffbnnt  .^-coding 
r«fuctlon  rotios.  Th.  imog.  I.  ossunwd  to  b.  o 9 inch  , 13  inch  Imo*  sconnmf  ot 
400  Ipi  and  quantized  to  6 bits  per  sample. 


NOTES: 


9"  x 9"  IMAGE 

400  LPI  SCAN  DENSITY 

400  SAMPLES/INCH  SAMPLING  DENSITY 

«-BIT  QUANTIZATION 


Flgorp  2.5.  Throughput  Venui  Link  Rate  As  A 
Function  of  Stop-Coding  Reduction 
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3.0 


technical  evaluation 


thi,  ..Cion,  ft.  technical  requirement,  a,,  evaluated  in  term,  of  current  and 
projected  techno, op.  In  o„  co-„  -he  entpho.1.  ho.  been  ploced  on 

ho.  been  either  proven  in  Held  .erv.ce  or  which  could  be  wel.  developed  ond  .able  by 
,h.  fY80  tin.,  iron,..  Ih.  iron*  of  reference  fo,  evoluo.ion  I,  cotnpri.ed  of  the 

definition,  and  a«umptlon,  .ummarlz.d  in  Paragraph  2.1  above. 

The  primary  empho.i.  In  thl.  ..Cion  i.  -he  evaluation  of  technology  and  techni- 
cal approach.,  which  will  meet  the  Image  .canning,  tron.m!..lon  and  recording  requl.e- 
for  ft.  Theatre  Domination  Sy.tem.  Specifically,  mveral  Image  recording/ 
.canning  technique,  and  --elated  inpu./ou.pu.  media  are  addr.,-d  in  term,  of  ft.., 
applicability  and  co,, -effective.,..  The  role  of  ft.  data  proc.,,lng  func.ton  I.  diKu,»d 
along  with  the  effect  of  proc.,,lng  ,p«d  on  the  -lection  of  -eclflc  impl.mentta.ton 
approach...  Although  the  primary  dl,cu..lon  focu-.  on  ft.  image  p-oductng  Hardware, 
it  ,.  al-  of  u-  to  evaluate  the  terminal  technology  In  term,  of  key  operability  and  func- 
tjonal  parameter,  utch  a.  Intercompatlbllity  and  modularity.  The  evaluation  of  technical 
factor,  lead,  to  o gmteral  II, t of  top-level  terminal  -eclficatlon,  wh.ch  are  dl,cu«d  n 

Section  4.0. 


3.1  I mope  Recording  and  Scanning 

Thl,  — ctlan  review,  -me  of  the  bo.lc  concept,  a.»clat.d  with  Image  tram- 
mtuion  and  examine,  ft.  factor,  which  limit  ft.  full  exp  oitotlon  of  current  Image  pro- 
ducing technology.  A collet,  examination  of  component  technology  o-cated  with 
iM9e  recording  and  .canning  „ beyond  the  .cope  of  ftl.  .tudy.  Raft.,,  ft.  exam  nation 
confined  to  technology  or  device,  which  In  -me  way  r.,trlc»  or  bound,  the  perior- 
mance  of  various  recording  and  scanning  equipment  designs. 
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3.1.1  Imoge  Quality  Factors 

Many  factors  must  be  considered  for  a thorough  evaluation  of  image  quality  and 
a total  discussion  of  this  topic  is  clearly  beyond  the  scope  of  this  study.  It  is  instructive, 
however,  to  examine  a few  of  the  hey  image  quality  factor,  and  terms  and  to  relate  these 
to  the  somewhat  arbitrary  image  quality  ranges  defined  in  Paragraph  2.1.  The  four  major 
characteristics  of  grey  scale  photographic  imagery  which  enter  into  a description  of 

image  quality  are:  I)  average  density,  2)  geometric  fidelity,  3)  resolution,  and 

4)  contrast. 

The  first  two  factors  are  easily  quantified  in  objective  terms  and  will  not  be 
discussed  in  detail  here.  Average  density  refers  to  the  average  brightness  of  the  image 
and  is  controlled  by  adjusting  the  overall  exposure  level  and  by  selecting  proper  record- 
ing media  which  will  support  the  average  and  extreme  values  of  exposure.  It  has  been 
shown  that  the  eye  has  a limited  range  of  average  density  which  It  perceives  as  an 
appealing  scene.  Geometric  fidelity  refers  to  the  absolute  and  relative  location  of  any 
point  m the  image.  An  image  with  high  geometric  fidelity  corresponds  very  closely  with 
the  geometry  of  the  original  object.  For  scanning  systems,  high  scan  density  usually 
correlates  with  high  geometric  fidelity.  The  recording  and  scanning  factors  which 
primarily  determine  the  degree  of  geometric  fidelity  are  scale  factor  and  two- 
dimensional  scanning  linearity. 

Resolution  and  contrast  are  considered  together  because  they  are  interdepen- 
dent; i.e.,  visual  resolution  is  dependent  upon  the  contrast.  This  relationship  is 
expressed  in  terms  of  the  Modulation  (contrast)  T ansfer  Function  (MTF)  which  is  defined 
as  the  contrast  In  the  image  produced  by  a sinusoidal  intensity  distribution  in  the  object 
Plane.  This  number  is  a function  of  the  spatial  frequency,  i.e.,  the  number  of 
cycles  per  unit  length  of  the  sinusoidal  object.  Figure  3.1  shows  a 

graphical  representation  of  the  Input  object  target  and  the  image.  The 
graphical  representation  of  a typical  MTF  curve  is  shown  in  Figure  3.1  (c) . 

It  should  be  noted  that  MTF  is  only  strictly  defined  for  sinusoidal  objects  and 
linear  systems.  Frequently  this  restriction  is  violated  which  then  requires  careful 
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Figure  3.1.  I mag#  Spatial  Frequency  and  MTF 


intarpretatlon  of  “MTF"  response.  Despite  this  limitation,  the  concept  of  MTF  can  be 
quite  useful.  The  sinusoidal  limitation  Is  really  not  a limitation  at  all,  since  any  object 
can  be  represented  as  a linear  combination  of  sinusoidal  sipals  by  Fourier  composition. 
Much  additional  information  can  be  gained  if  the  curve  is  examined  in  Its  entirety. 
Consider,  for  example,  the  two  curves  plotted  in  Figure  3. 1 (d).  Although  curve  A 
represents  a system  with  higher  resolution  than  system  B,  the  image  from  system  B would 
appear  "sharper"  and,  therefore,  better  to  most  observers.  This  is  because  the  eye 

responds  primarily  to  spatial  frequencies  in  the  lower  range  where  the  MTF  is  greater  in 
system  B. 


; 
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In  scanning  systems  where  the  recording  material  is  usually  nonlinear,  a system 
MTF  is  not  rigorously  defined;  however,  it  is  possible  to  specify  the  resulting  modulation 
on  the  output  as  a function  af  spatial  frequency,  even  though  this  number  is  not  linearly 
related  to  the  input  function.  Consequently,  general  classification  ranges  such  as  the 
readability  criteria  .ed  in  this  study  may  be  useful  guides  which  can  be  used  to  correlate 
with  measured  performance  values. 


There  is  usually  some  confusion  about  the  relationship  between  MTF,  line  scan 
density,  spot  size,  etc.  This  can  be  made  clear  by  understanding  how  scan  line  density 
and  spot  size  affect  the  MTF  curve.  In  general,  the  MTF  of  a scanning  system  is  depen- 
dent upon  the  scan  direction:  the  along-scan  and  across-scan  MTF  are,  in  general,  only 

loosely  coupled.  Far  the  along-scan  direction,  spot  size  and  modulation  bandwidth  are 
the  ma|or  factors  which  affect  MTF.  It  can  be  shown  that  the  MTF  in  this  direction  is 
given  by  the  Fourier  transform  af  the  spot  intensity  distribution  multiplied  by  the  modu* 
latian  bandwidth  (spatial  frequency  bandwidth)  of  the  spot.  For  a given  scanning  system, 
this  MTF  curve  can  be  calculated  exactly.  In  the  specific  case  of  a Gaussian  spot  inten- 
sity profile,  the  Fourier  transform  af  the  spot  is  also  Gaussian  and  this,  multiplied  by  the 
modulation  bandwidth,  is  the  system  MTF.  The  alang-scan  MTF  is  therefore  given  by: 

MTFA/s  = B(f)  exp  ['-(m;da/2\^7l03)j2 

•u2da2/?.23  (1<f6)J 

where 


B(Vu)  exp 


v spatial  frequency  in  cycles/mm 

dQ  spot  diameter  in  micrometers 

B(f)  system  electrical  response  in  Hz 

V scanning  spot  velocity  in  mm/s 

f - electrical  frequency  in  Hz 


In  the  cross  scan  direction  the  situation  is  more  complex.  The  complexity 
arises  from  the  fact  that  the  "resolution"  depends  upon  the  relative  alignment  of  the 
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object  with  respect  to  the  scanned  line.  In  Figure  3.2  (a)  we  show  a square-wave  object 
signal  which  is  oriented  as  shown  and  is  to  be  scanned  with  a spot  which  we  assume  has  a 
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Figure  3.2.  Image  Scanning  Input/Output  Responses 


Gaussian  intensity  profile  in  the  c row-track  direction.  In  Case  I,  the  scan  lines  exactly 
coincide  with  the  square-wave  object  period,  thus,  resulting  in  a strong  crow  modulation 
signal.  In  Case  II,  the  same  situation  occurs  except  that  the  location  of  the  scanning 
center  line  is  shifted  by  one-quarter  of  the  object  period.  Each  spot  intercepts  the  some 
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average  area  of  the  square-wave  object  resulting  in  no  net  modulation  in  the  cross-track 
direction.  In  between  these  two  extremes  are  a continuous  range  of  solutions,  all  of 
which  might  be  contained  in  any  one  image  transmission.  It  is  this  dependence  of  the 
resolution  on  phase  of  the  scan  structure  that  causes  the  familiar  banding  or  moire  effect 
common  to  line  scan  imaging  systems. 


There  is,  however,  a commonly  used  technique  which  eliminates  this  effect  at 
the  expense  of  resolution.  In  the  previous  example,  one  should  recognize  that  the  max- 
imum resolution  (in  cycles/mm)  is  equal  to  one-half  the  scan  density  (in  lines/mm).  If 
as  in  Case  I of  Figure  3.2  (a)  the  spot  size  is  increased  so  that  the  modulation  is  zero, 
then  the  modulation  will  always  be  zero  at  that  frequency,  thus,  eliminating  the  problem. 
Of  course,  there  is  some  residual  effect  for  lower  spatial  frequencies,  but  once  the  scan 
line  density  is  about  four  times  the  spatial  frequency  of  interest,  the  phase  dependence 
has  been  averaged  out.  The  penalty  for  this  is  reduced  resolution.  The  ratio  of  the 
actual  r#«olviion  to  the  maximum  resolution  (l/2  scan  line  density)  is  historically  known 
as  the  Kell  factor.  For  Gaussian  spot  intensities  the  optimum  Kell  foctor  has  been  cal- 
culated to  be  \/Jl  or  0.707.  In  practice  the  value  ranges  from  about  0.65  to  0.75. 


The  cross-scan  MTF  for  Gaussian  profile  scanning  systems  is  similar  in  form  to 
the  expression  previously  given  for  along-scan  MTF.  It  is  given  by: 


MTF 


c/s  = exp 

- exp 


-£u»  pK/2v£" (103)J2j 
-(upK)2/!  .23  OO"6^ 


where 


p scan  line  density  in  mm  and 
K ~ Kell  factor 

and  is  valid  only  for  Kell  factors  which  are  less  than  0.75.  One  should  note  that  larger 
spots  also  reduce  the  MTF  in  the  along-scan  direction.  In  some  cases  the  spot  is  pur- 
posely elongated  to  form  an  elliptical  scanning  spor  but  this  generally  leads  to  perfor- 
mance in  which  horizontal  and  vertical  resolutions  are  unequal. 


Up  to  this  point,  only  linear  systems  have  been  considered,  however,  most 
recording  materials  exhibit  nonlinear  behavior.  While  rigorous  analyses  of  these  effects 
are  possible,  it  is  perhaps  more  instructive  to  look  at  what  happens  to  a linear  MTF  when 
it  undergoes  a nonlinear  transformation.  Film  nonlinearities  cannot  increase  the  system 
MTF:  at  best  they  leave  it  unchanged.  This  can  be  illustrated  by  considering  what 
happens  to  the  modulation  at  different  exposure  levels  as  depicted  in  Figure  3.2  (b).  For 
low  exposure  (Case  I),  the  exposure  of  the  peak  regions  have  been  sacrificed  to  obtain 
better  definition  in  the  low  signal  area.  For  a high  exposure  level  (Case  II)  the  opposite 
effect  occurs.  In  between  these  two  examples  is  an  exposure  which  is  a compromise  such 
as  shown  in  Case  III.  In  many  cases  a means  for  purposely  distorting  or  linearizing  expo- 
sure values  is  implemented  to  produce  image  enhancement. 

Producing  uniform  grey  fields  may  cause  a different  set  of  problems.  As 
previously  explained,  the  Kell  factor  tends  to  smooth  scan  structure  in  the  output  image 
which,  assuming  no  other  errors,  would  tend  to  produce  a uniform  grey  field  for  unmodu- 
lated input  signals.  For  imaging  from  a digital  source  one  has  another  potential  source  of 
error  called  quantization  noise.  If  the  recording  material  has  a useful  dynamic  range  of 
30  grey  shades  and  5 bit  (32  steps)  encoding  is  chosen,  a nearly  uniform  grey  area  may 
show  structure  due  to  the  uncertainty  in  the  least  significant  bit.  This  effect,  called 
false  contouring,  is  common  to  all  digital  systems,  but  it  is  particularly  distracting  in 
imagery  work  because  of  the  human  eye's  ability  to  discriminate  between  two  adjacent 
areas  of  slightly  different  density.  False  contouring  is  minimized  by  using  the  maximum 
grey  shade  capability  of  the  system  - in  this  study  we  assume  that  6-bit  quantization  is 
used,  thereby  minimizing  the  effects. 

We  have  up  to  now  been  concerned  primarily  with  the  equipment  used  to 
produce  the  image.  In  addition  to  many  of  the  controlled  nonlinear  equipment  effects, 
the  recording  and  scanned  media  also  produces  nonlinear  effects.  Careful  attention  must 
be  placed  an  the  effects  of  dynamic  range,  substrate  type,  image  tone  and  granularity. 
The  dynamic  range  is  the  maximum  to  minimum  range  of  densities  that  can  be  supported 
by  the  material.  For  most  imagery  work,  the  greatar  the  dynamic  range,  the  better. 
Substrate  type  is  important  in  high  quality  imagery  applications  because  it  is  not 
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uncommon  for  the  substrate  (film  base  or  paper)  to  be  of  poorer  surface  quality  than  the 
actual  photosensitive  emulsion.  This  is  particularly  true  for  paper  base  materials  where 
the  fiber  structure  of  the  paper  degrades  the  imagery.  Image  tone  refers  to  the  subjec- 
tive "color"  of  the  black  areas  on  the  material.  Some  are  indeed  black,  while  others 
may  be  brown  or  dark  blue.  The  subjective  image  quality  depends  somewhat  on  this  tone, 
with  black  being  generally  preferred.  The  last  parameter,  granularity,  refers  to  the 
actual  grain  structure  of  photographic  emulsions.  Similar  in  effect  to  paper  fiber  struc- 
ture, these  grains  may  degrade  the  image  but  this  is  usually  apparent  only  under  high 
magnification. 


In  summary,  many  factors  must  be  considered  when  analyzing  and  predicting 
performance  of  image  transmission  equipment.  The  MTF  concept  is  the  most  commonly 
used  measure  of  system  "resolution"  but  for  detailed  evaluation,  the  effects  of  nonlinear 
factors  must  be  assessed.  Concepts  such  as  we  have  discussed  in  this  section  must  be  used 
to  accurately  define  and  specify  equipment  and  materials  in  detailed  design  exercises. 

To  avoid  a complicated  specification  of  image  quality,  it  is  common  to  group  classes  of 
imagery  into  categories  which  bear  some  general  relationship  to  the  degree  of  image  legi- 
bility or  "readability."  In  Paragraph  2. 1 we  defined  four  readability  groups  which  will 
be  used  only  to  aid  us  in  our  analyses  of  various  terminal  configurations. 


3.1.2 


Speed  Considerations 


The  evaluation  of  image  recording  and  scanning  techniques  requires  an 
understanding  of  the  speed  limitations  which  are  imposed  by  the  selection  of  specific 
devices  or  subassemblies.  The  specification  which  determines  the  instantaneous  operating 
speed  of  the  recorder/scanner  is  that  the  terminal  scanning,  digitizing  and  recording  rate 
not  be  limited  by  equipment  considerations  when  operating  over  a 32  kb/s  link  with  data 
reduction.  It  is  also  desirable  to  configure  the  terminal  such  that  PI  quality  information 
can  be  transmitted  over  1.5  Mb/s  links  without  dato  compression. 


The  primary  factor  which  limits  the  operating  speed  of  most  image  recorder/ 
scanners  is  mechanical  inertia.  This  is  particularly  true  for  asynchronous  recorder/ 
scanners  which  operate  by  on-demand  signaling  for  data  recording  and  line  advance.  In 
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the  most  general  case,  such  equipments  operate  with  a triggered  asynchronous  line 
sweeping  mechanism,  e.g. , CRT  sweep  or  galvanometer,  and  on  asynchronous  line 
advance  mechanism  such  as  a stepped  film  transport.  Obviously,  a variety  of  methods 
could  be  used  to  overcome  these  limitations  but  they  generally  involve  either  more  data 
buffering  capacity  or  more  costly  ond  complex  mechanisms  to  compensate  for  the  mecha- 
nism shortcomings. 

The  operating  speed  of  recording  and  scanning  technology  cannot  be 
evaluated  without  also  considering  the  scanning  density  of  the  image  to  be  transmitted. 
Figure  3.3  displays  operating  speed  on  the  ordinate  axis  in  terms  of  scan  lines  per  second 


FIGURE  NOTES: 

IMAGE  SIZE 

QUANTIZATION  - « BITS/SAMPLE 
DUTY  CYCLE  - *0% 

CURVE  A - 32  kB/SEC  (20:1  COMPRESSION) 
CURVE  B - 1.6  MS/SEC  (NO  COMPRESSION) 
CURVE  C - 1.6  MB/SEC  (6.6: 1 COMPRESSION) 


Figure  3.3.  Recorder/Scanner  Scan  Rate  Versus  Scan  Density 


and  scan  density  on  the  abscissa  in  pixels  per  inch.  A "standard  frame"  measuring  9 
inches  by  9 inches  and  containing  64  grey  shades  per  pixel  has  been  used.  In  order 
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fo  arrive  at  some  value  for  limitations  to  be  placed  on  the  scanning  and  transport 
mechanisms,  a somewhat  arbitrary  80  percent  duty  cycle  has  been  assigned  to  the 
recording/scanning  process.  This  factor  is  included  to  account  for  all  types  of  processing 
inefficiencies  including  scanner  flyback  time  (duty  cycle  effects),  line  and  frame 
synchronization,  and  all  other  types  of  overhead.  The  diagonal  lines  on  the  graph 
represent  the  three  data  rates  which  we  used  to  evaluate  equipment  performance  llmlto~ 
tions.  The  equation  used  to  plot  the  diagonal  lines  in  Figure  3.3  is: 


where 


LC  ^ LC  lines 

fo s ~ 0 023  t — 


R Is  the  scan  rate  in  lines/s 


S Is  the  scan  density  in  Itnes/inch 
C is  the  data  compression  factor  and 
L Is  the  data  rate  in  b/s 

Three  link  parameters  are  shown  on  the  figure  which  is  of  interest  in  this 
study.  The  lower  line  is  the  one  of  primary  interest  and  represents  a link  operating  at  a 
data  rate  of  32  kb/s  with  an  average  of  20:  ? data  compression  on  the  image.  (Note  that 
lower  data  compression  values  such  as  10  or  12  to  one  would  produce  a line  even  lower  on 
the  graph.)  The  middle  line  represents  a data  link  operating  at  1.5  Mb/s  without  data 
compression.  The  top  line  Is  the  same  1 .5  Mb/s  wideband  link  but  operating  with  a 
5.5:1  data  compression  factor. 

It  is  Instructive  to  overlay  various  image  recording/scanning  mechanisms  on 
this  ch*irt  to  determine  If  the  technology  can  support  the  link  requirements.  Specifically, 
we  consider  the  limitations  imposed  by  film  transport  mechanisms,  galvanometer  scanning 
mirrors,  drum  and  carriage  recorders  and  finally  the  high  performance  recorders  generally 
referred  to  as  "loser  beam  recorders"  (LBR).  The  limits  chosen  for  each  technology  should 
not  be  considered  as  absolute  values  but  rather  as  an  attempt  to  set  some  practical  limits 
on  the  technology.  In  most  cases,  the  limits  which  were  set  con  be  exceeded  by  either 
more  sophisticated  design  approaches  or  by  adding  complexity  (and  cost)  to  the  data 
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processing  function.  Consequently,  the  boundaries  established  should  be  considered 
"soft"  rather  than  "hard"  and  used  as  a guideline  for  pointing  toward  technology  which 
is  most  appropriate  for  the  terminal  requirements. 

The  first  technology  which  is  of  interest  is  that  associated  with  the  move- 
ment of  the  recording  medium  by  means  of  a transport  mechanism.  The  two  primary  con- 
siderations are  the  precision  and  the  step -and -settle  time  associated  with  the  asynchronous 
advance  mechanism.  It  Is  assumed  that  a transport  of  this  type  would  be  used  with  a 
cathode-ray  tube,  laser-galvanometer  or  high  speed  multifaceted  mirror  laser  beam 
recorder.  Experience  indicates  that  9-inch  wide  film  can  be  moved  reliably  and 
repeatably  by  pulsed  stepping  motors  and  appropriate  gear  mechanisms  at  rates  between 
100  and  200  lines  per  second  or  between  5 and  10  milliseconds  forstepping  and  settling. 

The  precision  with  which  film  can  be  stepped,  assuming  the  use  of  a capstan  prime  mover 
and  recording  on  the  capstan,  is  compatible  with  a scan  density  of  about  2000  lines  per 
inch.  This  implies  a placement  accuracy  which  is  some  fraction  of  the  0.5  mil  line  separa- 
tion distance . Figure  3.4  shows  the  two  limits  imposed  by  stepped  node  film  transport 
technology.  As  discussed  In  Paragraph  3.1.3,  scan  densities  between  400  and  2000  lines 
per  Inch  for  the  three  terminal  configurations  are  of  primary  concern.  Between  these 
bounds,  current  film  transport  technology  will  support  the  primary  link  requirements  of 
32  kb/s  with  20:1  data  compression  and  1.5  Mb/s  without  data  compression.  At  higher 
system  data  rates  (such  as  the  upper  curve  of  Figure  3.4),  the  film  transport  technology  Is 
able  to  support  the  link  rate  only  at  scan  densities  of  between  1000  and  2000  llnes/inch. 
But  even  In  this  region,  the  technology  is  being  pushed  to  near  practical  limits.  To  avoid 
operation  near  the  edge  of  this  technology  requires  a detailed  trade-off  analysis  of  the 
cost  of  extra  buffering,  synchronous  film  motion  or  alternative  optical  sconning  techniques 
which  is  beyond  both  the  requirements  and  scope  of  this  study. 

Figure  3.5  shows  the  limitations  of  current  recording  and  scanning  tech- 
nology which  uses  a laser  as  the  light  source  in  conjunction  with  a scanning  mirror  driven 
by  a moving  coll  galvanometer.  This  technology  has  been  recently  developed  for 
military  applications  in  the  Tactical  Digital  Facsimile  (TDF)  and  for  commercial  applica- 
tions such  as  the  Harris  Laserfax  and  Associated  Press  Laserphoto  equipment.  This 
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FIGURE  NOTES: 

IMAGE  SIZE  - 9"  X 9" 

QUANTIZATION  - 6 BITS/SAMPLE 
DUTY  CYCLE  - 80% 

CURVE  A - 32  kfl/SEC  (20:1  COMPRESSION) 
CURVE  B 1.5  MB/SEC  (NO  COMPRESSION) 
CURVE  C - 1 5 MB/SEC  15.5:1  COMPRESSION) 


Figure  3.4.  Film  Transport  Limitations 


equipment  commonly  operates  with  3M  dry  silver  papier  and  film  which  is  discussed  in 
Paragraph  3.  1.4.  Experience  with  this  type  of  equipment  indicates  that  performance  is 
limited  in  both  dimensions  by  galvanometer  constraints.  To  some  extent  spieed  limit  and 
scan  density  limit  are  interdependent.  The  upper  bound  on  galvanometer  speed  is  set  at 
about  50  scan  lines  per  second  for  mirror  sizes  which  are  large  enough  to  support  medium 
readability  imagery.  The  value  of  50  scans  per  second  assumes  that  a unidirectional  scan 
is  used  and  that  about  two  milliseconds  are  used  forretrace  and  settling.  An  approach 
using  bidirectional  scanning  could  improve  the  scan  rate  by  a factor  of  two,  but  such  an 
approach  complicates  the  data  buffering  and  adds  timing  complexity  by  requiring  line- 
to-line  phasing  synchronization  signals.  The  primary  limitation  on  precision  appears  to 
be  along-scan  and  cross-scan  jitter  of  the  galvanometer  scanner.  This  limitation  is  set 
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FIGURE  NOTES 

IMAGE  SIZE  -9"  X 9” 

QUANTIZATION  - 6 BITS/SAMPLE 
DUTY  CYCLE  - 80% 

CURVE  A - 32  kB/SEC  (20:1  COMPRESSION) 
CURVE  B - 1.5  MB/SEC  (NO  COMPRESSION) 
CURVE  C - 1.5  MB/SEC  (5.5:1  COMPRESSION! 
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Figure  3.5.  Laser-Gal  variometer  and  CRT  Performance  Limitation 

at  about  500  scan  lines  per  inch  with  selected  galvanometers.  The  result  of  these  two 
limitations  relegates  the  basic  laser-galvanometer  approach  to  a region  containing 
medium  readability  imagery.  In  low  readability  applications  (say  at  200  Ipi),  the  speed 
limitation  of  the  galvanometer  scanner  precludes  filling  a 32  kb/s  link  at  20:1  data 
compression. 

Although  the  inherent  limitations  of  the  galvanometer  restrict  its  current 
usage  to  medium  readability  imagery,  evidence  indicates  that  the  scan  density  limitation 
can  be  at  least  doubled  by  using  supplementary  optics  to  compensate  for  mechanical 
uncertainties.  In  the  along-scan  direction,  a precision  ruling  to  clock  data  out  from  the 
buffer  on  the  basis  of  laser  beam  position  could  be  used  rather  than  galvo  signal.  In  the 
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crou  direction,  minor  cron  track  corrections  could  be  mode  using  stondord  ocourto- 
opticol  beom  deflectors.  Obviously,  such  on  opprooch  odds  complexity  ond  cost  to  o 
basically  low  cost  device  but  it  should  be  considered  for  future  loser-galvanometer 
investigation  and  extends  operation  into  the  HR  region.  At  400  lines  per  inch,  the 
scanning  speed  required  i,  well  within  the  physical  limitation  of  the  galvanometer  so  that 
j 32  kb/s  link  can  be  filled  at  20:1  compression. 


e cathode-ray  tube  has  been  used  as  a standard  image  recording  device 
for  many  years  and  will  continue  to  provide  adequate  performance  in  limited  area,  fo,  the 
foreseeable  future.  However,  it  appear,  that  during  the  next  5 years,  CRT  technology 
w."  give  way  to  laser  scanning  technique,.  |„  ,.fm,  of  resolution,  ,h,  CRT  is  limited  to 
the  medium  and  high  readability  groups.  Although  scan  density  on  the  CRT  faceplate  can 
be  increased  by  image  demagnification.,  this  method  Is  generally  limited  by  the  finite 
time-bandwidth  product  of  the  CRT.  Although  new  phosphor  deposition  technique,  may 
improve  CRT  image  quality,  only  marginal  gain,  may  be  anticipated.  Experience  with 
several  CRT  image  recorder,  indicate,  an  upper  limit  for  r.|iab|e  trouble-free  operation 
Of  somewhat  in  .,c.„  of  5000  pixel,  across  ,h.  tub.  foe.  which,  for  a 9 Inch  image 
correspond,  to  about  600  pixel,  pe,  i„ch.  This  places  the  CRT  resolution  llmi,  a,  ,h.'  low 
end  of  the  high  readability  group.  The  speed  limitation  for  CRT  recorders  I,  a somewhat 
complicated  function  which  i,  dependent  upon  the  recording  medium,  ,h.  brightness  of  the 
trace  and  the  optical  speed  of  the  imaging  optics.  The  actual  sweep  speed  of  th. 

CRT  trace,  typically  measured  In  microsecond,  per  line,  for  exceed,  ,h.  Inherent  scanning 
imitation,  of  o las.r-galvonom.ter  approach  for  identical  scan  density.  Figure  3.5  dun., 

the  limitation  for  CRT  performance. 

A drum  recorder/, canner  approach  I,  significantly  different  from  the  tech- 
nology discussed  previously.  In  place  of  moving  film,  a fixed  recording  frame  attached 
to  a rotating  drum  I,  exposed  by  physically  moving  a light  source  carriage  along  ,h. 
length  of  -he  drum.  Although  o drum  recorder/, canner  generally  m definite 

cost/performanc.  advantages,  I.  may  .quire  a compromise  i„  operational  f,eKibI|ifv 
Some  method,  for  overcoming  these  constraint,  at.  Indicated  In  Paragraph  3.?.3.  Figure 
3.6  show,  th.  speed  ond  resolution  limitation  for  standard  drum  recorder/, canner 
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FIGURE  NOTES 

IMAGE  SIZE  - 9'  X 9" 

QUANTIZATION  - 6 BITS/SAMPLE 
DUTY  CYCLE  - 80% 

CURVE  A - 32  kB/SEC  120:1  COMPRESSION) 
CURVE  BIS  MB/SEC  (NO  COMPRESSION) 
CURVE  C - 1.5  MB/SEC  (5  5 1 COMPRESSION) 


Figure  3.6.  Drum  and  LBR  Performance  Limitations 


implementation.  The  resolution  limit  for  a drum  recorder/scannel*  is  determined  primarily 
by  the  precision  with  which  the  mechanical  components  (e.g.,  lead  screws,  drum  surface, 
bearings i are  fabricated  and  assembled.  Resolution  well  up  into  the  photointerpretable 
region  and  approaching  10,000  scan  lines  are  possible  using  the  best  technology  avail- 
able. For  purposes  of  this  study,  it  is  clear  that  achieving  2000  scan  line  per  inch 
resolution  is  easily  realizable  for  drum  recorder/scanner  technology.  The  speed  limita- 
tion for  drum  recorder/scanner  technology  is  determined  by  two  factors:  the  speed  with 
which  the  recording  carriage  can  be  stepped  to  the  next  line  and  the  rotation  rate  of 
the  drum.  The  centrifugal  force  on  the  film  is  a function  of  the  square  of  the  drum 
rotation  rate  which,  at  high  speed,  may  require  unusual  techniques  to  keep  the  film  on 
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the  drum  surface.  Although  means  are  available  for  circumventing  these  problems,  an 
upper  limit  for  drum  rotation  rate  at6,000  r/min  for  a 9 Inch  circumference  will  be  set, 
which  corresponds  to  100  scan  lines  per  second.  Step  ond  settle  times  associated  with  the 
carriage  are  put  at  between  5 and  10  milliseconds  which  results  in  a total  scon  rate  limi- 
tation of  typically  SO  scan  lines  per  second.  These  values  are  plotted  In  Figure  3.6  and 
show  that  both  the  32  kb/s  and  1.5  Mb/s  links  can  be  filled  using  drum  recorder  techno- 
logy. The  most  severe  speed  constraint  would  occur  for  a medium  readability  drum 
recorder/scanner  operating  at  400  scan  lines  per  inch.  A lower  rotation  ond  stepping 
rate  is  required  for  PI  quality  (2000  scan  lines  per  inch)  operating  over  a 1.5  Mb/s  link 
without  compression  than  is  required  for  MR  imagery. 


The  high  performance  recording  devices  commonly  referred  to  as  laser  beam 
recorders  generally  consist  of  a laser,  high-speed  multi-faceted  mirror  spinner  beam 
deflector,  focussing  optics  and  a means  for  moving  the  recording  medium.  Two  different 
approaches  are  commonly  used  to  implement  the  laser  beam  recorder:  one  which  uses  a 
complex  lens  to  produce  20,000  or  more  well  resolved  spots  on  a flat  field  platen  (capstan)  t 
and  another  which  uses  less  complex  optical  componentry  and  records  on  a curved 
platen.  Resolution  of  these  recorders  is  determined  by  optical  and  mechanical  compo- 
nents which  con  be  readily  configured  to  achieve  2000  scan  line/inch  PI  quality  and 
greater.  The  speed  of  the  multifaceted  mirror  spinner  is  determined  by  the  precision  of 
the  assembly.  Speeds  of  10,000  scan  lines  per  second  have  been  achieved  in  both  ground 
and  airborne  recorders.  The  speed  limitation  of  these  recorders,  assuming  asynchronous 
operation,  is  determined  by  the  film  transport  mechanism. 

The  speed  and  resolution  limitations  of  the  laser  beam  recorder  are  plotted 
in  Figure  3.6.  This  technology,  which  is  expensive,  clearly  meets  all  of  the  link 
requirements  including  the  desire  to  support  a 1.5  Mb/s  link  with  5.5:1  data  reduction. 

Laser  beam  recording  technology  is  the  most  suitable  technology  only  for  applications 
which  require  both  high  performance  and  high  speed  and  where  cost  considerations  are 
leu  important  than  quality  and  Image  throughput. 
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3.1.3 


Scon  Density  Selectlor 


In  this  section  wo  examine  several  ways  In  which  the  scan  density  (lines  per 
inch)  may  be  selected  to  meet  the  terminal  readability  and  compatibility  requirements. 
The  scan  density  ranges  for  readability  groups  and  terminal  configurations  are: 


Low  Readability 
Medium  Readability 
High  Readability 
Photo  Interpretable 
"B"  Terminal 
"C”  Terminal 
"D”  Terminal 


L#ssthan  220  scon  lines  per  inch 
220  to  430  scan  lines  per  Inch 
430  to  1400  scan  lines  per  Inch 
More  than  1400  scan  liner,  per  inch 
2000  scan  lines  per  inch  and  lower 
800- 1000  scan  lines  per  inch  and  lower 
300-500  scon  lines  per  inch  and  lower 


In  addition,  an  unstated  requirement  exists  to  be  compatible  with  TDF 
equipment  which  operates  at  scanning  densities  of  100,  150,  and  200  lines  per  Inch; 
thereby  satisfying  the  requirement  for  handling  low  readability  imagery. 

The  criteria  used  for  selection  of  appropriate  scon  densities  are  highlighted 


below: 


• Operate  at  a scan  density  of  at  least  2000  lines  per  Inch  when  record- 
ing or  scanning  PI  quality  imagery. 

e Select  scan  densities  for  the  terminal  equipment  which  are  related  by 
factors  of  two.  This  approach  facilitates  compatibility  between  ter- 
minals. By  selecting  the  scan  densities  as  Integral  multiples  of  the 
next  lowest  scan  density,  the  functions  required  of  the  data  processing 
module  for  magnification  or  demagnification  are  simplified.  An  Image 
scanned  at  a low  scan  density  can  be  reproduced  on  a higher  scan 
density  reproducer  by  repeating  each  sample  the  correct  number  of 
times  and  repeating  the  resulting  line  the  tome  number  of  times.  This 
maintains  a unity  scale  factor  between  the  original  and  the  reproduction . 
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• Minimize  the  number  of  different  scon  densities  required  to  meet  the 
terminal  readability  requirements.  A single  scan  density  for  each 
readability  range  will  be  considered  to  be  adequate. 

Figure  3.7  shows  the  scan  density  selections  for  two  of  the  most  likely 
options.  The  first  option  Is  derived  by  using  the  highest  scan  density  requirement 


Figure  3.7.  Scan  Density  Selection  Options 

(2000  Ipi)  and  successively  decreasing  the  value  by  two,  thereby  producing  scon  densities 
of  1000,  500,  and  250  Ipi.  (Note  that  1000  and  500  Ipi  fall  within  bounds  set  for  the 
"C"  and  "D"  terminal,  respectively .)  Incompatibility  arises  at  the  lower  end  of  the 
readability  spectrum  because  this  selection  is  not  consistent  with  any  of  the  TDF  scan 
densities. 
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The  second  option  boglns  by  selecting  the  highest  TDF  scon  density 
(200  ipi)  ond  successively  increasing  this  by  a factor  of  two;  thereby  producing  400,  800, 
and  1600  Ipi  scon  densities  which  fall  within  the  bounds  set  by  the  "Df  '*  "C, " ond  "B" 
terminals,  respectively.  To  these  scan  densities  we  must  add  the  capability  to  effect 
transmission  at  2000  Ipi.  The  effect  is  to  make  reception  of  2000  Ipi  imager/  with  unity 
scale  factor  an  equipment  which  operates  at  a basic  scan  density  of  either  800  or  1600  Ipi 
a difficult  task  which  places  unrealistically  severe  requirements  on  the  data  processing 
equipment.  It  is  believed  that  the  requirement  for  operating  at  2000  Ipi  should  be  con- 
strained to  situations  where  communication  is  between  "B"  terminals  only.  When  PI 
quality  imagery  is  ta  be  transmitted  to  either  C or  D terminals,  it  can  be  sconned  at 
1600  Ipi  over  the  32  kb/s  link.  We  believe  the  option  which  operates  at  200,  400,  800, 
1600  and  2000  Ipi  is  the  best  choice  and  meets  all  current  readability  requirements. 
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3.1.4 


Recording  Medio  Considerations 


The  two  candidate  recording  material?  which  are  currently  being  used  for 
image  recording  and  will  continue  to  be  used  in  the  FY  1980  time  frame  include  con- 
ventional wet  processed  silver  halide  film  and  3M  dry  silver  film  and  paper.  Wet  and 
dry  processed  recording  materials  are  commercially  available  in  a wide  variety  of 
characteristics  to  meet  the  requirements  of  many  applications.  The  leading  domestic 
manufacturer  of  wet  processed  recording  material,  Eastman  Kodak,  supplies  silver  halide 
material  on  both  a transparent  film  base  and  an  opaque  paper  base.  The  3M  Company, 
the  leading  rupplier  of  heat  processed  recording  media,  similarly  supplies  sensitized  film 
ond  paper . 

At  the  present  time,  silver  halide  wet  processed  transparent  film  holds  an 
unrivaled  position  in  applications  where  the  ultimate  in  imagery  quality  is  desired.  By 
proper  control  of  the  recording  and  developing  processes,  exceptionally  high  resolution, 
uniform  response  and  long  tonal  range  can  be  achieved.  It  is  readily  available  in  a 
variety  of  formulations  which  cover  a broad  spectrum  of  performance  characteristics.  For 
the  terminals  under  evaluation  silver  halide  film  is  not  the  limiting  performance  factor. 
The  price  one  pays  for  high  quality  is  the  inconvenience  of  handling  and  replenishing  wet 
chemicals  and  the  costs  for  maintaining  operational  processing  equipment. 

Heat  processed  dry  silver  film  is  in  the  early  stages  of  the  development 
cycle.  Of  the  six  commercially  available  films,  two  ore  specifically  designed  for  image 
recording:  type  7859  for  P-31  CRT  exposure  ond  type  7869  sensitized  for  peak  response 
corresponding  to  the  helium-neon  laser  wavelength.  Although  the  resolution  ( >100  ~/ 
mm)  and  maximum  density  (>  3.0D)  are  adequate  to  meet  some  requirements,  this  material 
does  not  currently  offer  the  same  high  degree  of  image  uniformity,  long  scale  range,  and 
archival  keepingquality  when  compared  to  silver  halide  film.  Dry  silver  film  is  currently 
about  25  percent  more  expensive  than  the  combination  of  silver  halide  film,  wet  chemistry 
and  chemistry  mixing  labor  costs.  These  estimates  are  based  on  current  GSA  schedule 
prices  for  200-foot  film  rolls  and  do  not  account  for  higher  silver  halide  processor  main- 
tenance costs,  downtime  due  to  chemical  spillage  and  less  troublesome  operation.  One  of 


the  most  significant  recent  developments  regarding  dry  silver  film  is  progress  on  develop* 
ing  the  so-called  hard  top  coot  or  HTC  films.  The  process  has  the  primary  advantage  that 
the  film  can  now  be  processed  in  the  same  heat  processor  used  to  develop  the  dry  silver 
paper.  Care  must  be  taken  to  ensure  exact  control  of  the  developing  temperature  to 
produce  uniformly  processed  images.  Experience  indicates  that  platen  temperature  must 
be  controlled  to  within  ±0.5°  C to  achieve  consistent  results  but  that  temperature  can 
be  regulated  to  achieve  results  which  may  be  considered  compatible  with  the  low  end  of 
the  high  readability  performance  group  but  not  uniform  enough  to  record  PI  quality 
imagery . 

The  situation  with  recording  paper  is  somewhat  different.  In  the  past,  a 
silver  halide  based  stabilization  paper  was  used  in  most  high  quality  photographic  quality 
recording  applications.  This  paper  produces  high  quality  images  but  requires  c two-step 
wet  chemistry  process  to  produce  the  image.  We  hove  demonstrated  that  pictures  of 
equivalent  quality  can  be  produced  at  lower  cost  per  image.  This  is  due  to  the  laser 
techniques  used  to  reproduce  the  image  and  in  part  due  to  recent  dramatic  improvements 
in  the  recording  medio.  Experience  with  focsimile  equipment  which  operates  at  the  low 
end  of  the  medium  readability  group  indicotes  thot  the  standard  7771  paper  buse  material 
may  be  limiting  the  resolution  of  the  product.  Furthermore,  a significant  improvement  in 
readability  can  be  achieved  by  using  a still  experimental  polyester  base  material.  This 
base  material  will  be  more  costly  but  moy  provide  the  difference  between  useable  and 
unuseable  medium  readability  paper  products  scanned  at  400  lines  per  inch. 

One  of  the  primory  limitations  of  dry  silver  film  and  paper  is  the  greater 
susceptibility  of  these  products  to  environmental  conditions  - especiolly  excessive 
temperature.  This  appears  to  be  a limitotion  only  under  extreme  operational  conditions 
involving  tacticol  missions.  In  this  case,  the  care  with  which  the  recording  moteriol 
must  be  stored  is  for  outweighed  by  the  operational  convenience  of  a dry  process.  In 
most  situations,  normal  film  handling  procedures  are  odequote  to  preserve  image  quality. 
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A detailed  analysis  of  various  wet  and  dry  recording  materials  is  beyond  the 
scope  of  this  study  and  depends  to  a large  extent  on  the  specific  design  details  of  the 
recorder.  We  can,  however,  make  some  general  observations  regarding  the  applicability 
of  these  materials  to  specific  terminal  configurations.  Firstly,  experience  indicates  that 
only  silver  halide  film  is  currently  capable  of  meeting  the  general  requirements  of  PI 
quality  imagery.  This  condition  is  likely  to  remain  so  into  the  FY  1980  time  frame. 

High  readability  requirements  recorded  at  800  lines  per  inch  can  be  satisfied 
by  both  dry  silver  film  and  wet  processed  film.  At  the  present  time,  the  grey  shade 
reproduction  of  dry  silver  film  is  marginal  for  this  readability  group  but  we  expect  that 
improvements  will  be  made  by  the  FY  1980  to  improve  the  repeatability  of  the  tonal  scale. 
The  medium  readability  requirements  of  400  scan  lines  per  inch  are  currently  satisfied  by 
dry  silver  film.  It  appears  that  currently  available  dry  silver  paper  and  even  the  newer 
polyester  base  opaque  material  is  only  marginally  acceptable  for  medium  readability 
imagery.  Even  though  no  paper  products  are  able  to  support  the  quality  requirements, 
they  should  be  considered  as  an  inexpensive  means  for  obtaining  minimally  acceptable 
opaque  copy.  Paper  base  copy  is  completely  unacceptable  for  HR  and  PI  quality  applica- 
tions. Figure  3.8  shows  the  practical  resolution  limits  for  the  four  types  of  imaging 
media  which  may  be  considered  applicable  to  each  readability  group. 

Finally,  it  is  instructive  to  examine  the  sensitivity  of  various  recording 
media  to  determine  the  amount  of  energy  which  is  required  to  expose  it.  This  evaluation 
is  aimed  at  estimating  a rough  order  of  magnitude  for  the  required  power  so  it  will  not  be 
rigorous.  A plot  of  scan  rate  versus  scan  density  is  again  a useful  one  with  which  to 
compare  results.  A useful  parameter  for  recording  images  is  the  instantaneous  area  scan 
rate  measured  in  area  per  unit  time.  When  this  is  multiplied  by  recording  medium  sensi- 
tivity and  divided  by  optical  efficiency,  we  arrive  at  value  for  laser  power,  i.e., 
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where 


Figure  3.8.  Application  Range  for  Recording  Data 


is  required  laser  power  In  watts 


IASR  is  recording  rale  in  in  /sec 


J is  media  sensitivity  in  watt-sec/in  , and 
*7  is  optical  system  efficiency. 

If  we  restrict  our  discussion  to  a standard  9 inch  by  9 inch  frame,  it  is  possible  to  express 
IASR  in  terms  of  scan  rate,  R,  and  scan  density,  S,  by: 

IASR  * 9R/S 

where  R is  the  scan  rate  in  lines  per  second  and 

S is  the  scan  density  in  lines  per  inch . 

Substituting  for  IASR  and  solving  for  R yields: 

P.  n s 
R - ■ — 
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Figure  3.9  shows  this  equation  platted  for  various  values  of  laser  power  and  3M  Brand 
TypW869  Dry  Silver  Film.  We  have  used  a sensitivity  value  of  300  ergs/cm2  or  1 .94 
00  ) watt-sec/in  far  Type  7869  which  i,  the  least  sensitive  recording  material  under 
consideration.  A helium-neon  laser  has  been  chosen  because  of  its  high  reliability  and 
low-noise  characteristics.  An  overall  optical  efficiency  of  5 percent  i,  assumed. 


The  primary  observation  regarding  this  calculation  relates  to  the  application 
of  dry  silver  film  in  the  medium  readability  recorder  which  operate,  at  400  scan  line,  per 
inch  and  at  about  30  scan  lines  per  second  to  fill  the  32  kb/s  link  at  20:1  data  compress- 
ion. For  these  values,  a laser  power  af  only  about  2 milliwatts  is  required  - a value 


which  is  readily  obtainable  from  a number  of  small  and  reliable  commercial  lasers  and  is 
typical  of  the  laser  power  currently  used  in  commercial  facsimile  equipment.  The  general 
conclusion  one  reaches  is  that  both  recording  media  and  laser  power  requirements  are  well 
within  the  state  of  the  art  for  all  terminal  requirements. 


In  summary,  both  3M  Brand  dry  silver  products  and  conventional  wet 
processed  films  will  find  applications  in  the  various  terminal  configurations.  The  3M 
Brand  dry  silver  film  i,  recommended  for  rapid  access  to  medium  readability  imagery 
recorded  at  400  Ipi . We  have  showed  that  only  low  power  lasers  are  required  to  expose 
this  material . To  preserve  the  overall  resolution  and  imcge  quality  of  high  readability 
and  PI  quality  imagery,  we  recommend  the  use  of  conventional  wet  processed  film. 
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FIGURE  NOTES 


IMAGE  SIZE  9 K 9 
QUANTIZATION  6 BITS/SAMPLE 
DUTY  CYCLE  tO\ 

3M  BRAND  7W9  DRV  SILVER  FILM 

HELIUM  NEON  LASER 

b%  OPTICAL  EFFICIENCY 

CURVE  A 12  kB/SEC  (70  I COMPRESSION) 

CURVE  § 1 5 MB/SEC  (NO  COMPRESSION) 

CURVE  CIS  MB/SEC  (S  5 1 COMPRESSION) 


Figure  3.9.  Recorder  Laser  Power  Requirements 
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3,2  Recorder/Sconner  Condidotes 
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powtr  helium  neon  type;  (2)  a modulator  to  change  the  intensity  of  the  light  during  the 
recording  process  on  acousto-optic  modulator);  (3)  o galvanometer-mounted  mirror 

usmf  to  sweep  laser  beam  octoss  the  recording  medium,  (4)  focussing  optic,  to  forme,  reced- 
ing spot  ond;  (5)  a mechanism  for  moving  the  recording  medium  post  the  sconted  line. 

Figure  3. 10,  o.  on  example,  shows  the  component,  which  or.  used  in  the  hurri.  ESD  pro- 
duct line  of  Laserfax  equipment.  This  equipment  i,  copobl.  of  operating  in  ,h.  lower 


Figure  3. 10.  lowr-Golvonomete,  Recotd.r/Sconner  Component. 

quality  portion  of  he  eedlum  rentability  group  ond  .conning  ipeodl  near  30  icon  lime 
P«  »«nd.  For  ,pn.,|,„  at  400  scon  lire,  per  second,  th.  same  general  ornament  I. 
u»d  but  two  addition,  or.  mod.  to  the  .y.e*:  1)  „ auxiliary  I.™  which  Flattan.  he  field 
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of  the  scanning  spot  and  2)  a linear  grating  through  which  a portion  ol  the  beam  is 
directed  to  and  subsequently  detected  to  produce  accurate  timing  for  accessing  the 
data  buffer.  The  major  components  required  to  implement  this  scheme  are  shown  in 
Figure  3.11. 


Figure  3.11.  Improved  Laser-Galvanometer  Implementation 


Similar  optical,  mechanical  and  electricol  components  are  required  for 
the  L/G  scanner.  In  this  case,  an  unmodulated  laser  beam  scans  either  an  opaque  paper 
copy  or  transparent  film.  For  paper  scanning,  the  light  reflected  from  the  surface  is 
detected  by  either  a single  long  detector  or  o series  of  individual  segments  connected 
together  electrically.  For  transparency  scanning,  the  detector  is  mounted  behind  the 
platen  into  which  an  aperture  has  been  cut.  The  light  which  Is  detected  has  therefore 
been  modulated  by  the  film  density  variations.  Both  scanning  methods  have  been 
successfully  implemented  on  the  L/G  equipment. 


im 
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Although  it  it  poulble  to  configure  0 trantceiver  detign  for  the  l/G 
equipment,  mporot.  tronunitter  ond  receiver  implementation  i,  favored.  Thi,  opptooeh 
it  partieulotly  attractive  for  the  cote  whet,  only  "DRO"  termlnolt  or.  required  ond 
minimize,  th.  cot.  of  rtmt.  terminolt.  The  l/G  opprooch  con  be  detigned  to  meet  the 
requirement,  of  medium  reodobiifty  imogeryond  it  th.  recommended  image  recorder/ 
scanner  for  medium  readability  applications. 


In  addition  to  the  performance  advantage,  of  l/G  technology,  it  offer, 
functional  odvontoge,  over  other  medium  readability  image  device  technology, 
f pacifically,  th.  trontmltter  ond  receive,  module,  ore  relatively  ,mol.  end  light.  Th. 

*iZ*  °f  '-3  c°b!c  feet  ond  weigh,  about  40  pound,  while  th. 

receiver  i,  about  7.8  cubic  feet  ond  weigh,  120  pound,.  Bad,  or.  mounts  on  o tabletop 
and  are  easily  transportable. 


3*2*2  Cathode  Ray  Tube  (CRT)  Recorder/Scannnr 

A CRT  recorder/, Conner  opprooch  would  bo  applicable  for  medium 
readability  application,  ond  i,  therefor,  competitive  with  the  lawr -galvanometer 
approach . The  lorn,,  modulator  and  galvanometer  deflector  or.  replaced  with  , line 
■con  CRT.  The  line  I,  Imaged  onto  the  recording  medium  by  conventional  optic,  or 
fiber  optic,.  The  .conning  function  i,  performed  by  min,  on  unmodulated  CRT  beam 
and  the  reflected  (or  troramitted)  light  I,  detected  in  a manner  .Imllor  to  that  dmcrltwd 
for  the  l/G  opprooch.  The  recording  medium  i,  (topped  put  the  CRT  icon  line  |u,t 
a,  it  I,  for  the  l/G  ond  LBR  approach . 

Tim  primary  equipment  limitation,  that  w.  identify  for  CRT  recorder,  or. 
marginal  perforate,  when  expo,ing  dry  .liver  recording  material  ond  o .Ignlflcontly 
lower  MTBF.  Experience  with  CRT  recorder,  indicate  that  Image  quality  i,  to  . large 
extent  dependent  upon  the  quality  of  the  phmphor  and  fiber  optic  It  I,  alm«.t 
hnpoMlble  to  produce  defect-fre.  CRT',  ond  fiber-optic  a»mbli„,  the  run, It  of  which 
I,  a characteristic  pattern  noh.  which  i,  difficult  and  c«tly  to  eliminate. 
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transmit  800  Ipi  data  over  a 1 .5  Mb/s  link.)  The  requirements  of  the  link  would  be 
satisfied  by  the  drum  if  the  system  were  operating  synchronously  and  the  recording 
carriage  were  translated  down  the  drum  axis  and  producing  a helical  trace.  In  practice 
this  is  not  possible  so  that  one  must  provide  for  stepping  the  carriage  to  adjacent  scan 
lines.  The  limitation  for  the  carriage  step-and-settle  time  is  similar  to  that  for  a film 
transport  mechanism;  i.e.,  a few  milliseconds  for  rhe  cycle.  To  accommodate  for  this 
motion,  the  drum  diameter  is  usually  increased  to  provide  some  additional  dead  time 
around  the  circumference.  This  time  decreases  the  duty  cycle  and  increases  the 
instantaneous  data  rate  requirement.  The  design  tasks  involved  here  usually  require  a 
trade-off  of  these  and  other  factors  to  arrive  at  compromise  solutions. 

The  availability  of  efficient  and  reliable  acousto-optic  beam  deflectors 
now  permits  the  implementation  of  a technique  which  does  not  require  the  use  of  carriage 
step -and -settle  mechanisms  and  thereby  minimized  drum  diameter  and  decreases  the 
instantaneous  data  rate.  The  scheme  for  implementing  this  is  shown  in  the  sketch  of 
Figure  3.12.  The  acousto-optic  beam  deflector,  which  is  mounted  in  the  carriage 
housing,  is  capable  of  deflecting  the  laser  beam  along  the  axis  of  drum  depending  upon 
the  frequency  and  modulation  of  the  signal  applied  to  the  deflector.  For  discussion 
purposes,  assume  that  the  drum  is  recording  at  2,000  scan  lines  per  inch  or  0.0005  inch 
between  lines.  The  position  of  the  beam  along  the  drum  axis  is  controlled  by  two 
signals,  one  derived  from  a linear  encoder  which  runs  the  length  of  the  drum  and  is 
commonly  used  on  precision  drum  recorders  and  another  signal  derived  from  the 
rotational  drum  encoder  used  to  strobe  out  data  onto  the  drum.  The  linear  encoder  defines 
absolute  carriage  position  while  the  drum  rotation  encoder  supplies  correction  signals 
depending  on  the  angular  position  of  the  drum.  The  carriage  rate  is  not  dependent  upon 
drum  rotation  rate  and  in  fact  operates  in  a quasi -asynchronous  manner. 

The  same  principle  of  using  acousto-optics  to  improve  the  operability  of 
drum  re  .order/scanners  can  be  used  to  increase  the  flexibility.  In  selecting  a scan 
density  for  high  readability  and  PI  quality  imagery,  800  and  1,600  Ipi  were  chosen 
as  multiples  of  the  200  Ipi  TDF  scan  density.  However,  it  was  also  required  to  provide 
capability  at  2,000  Ipi.  These  unrelated  scanning  densities  can  be  recorded  on  a 
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Figure  3.12.  Acousto- Optically  Controlled  Down  Recorder/Sconner 


single  drum  scanner  without  physical'*;  modifying  the  recorder.  The  acousto-optic  beam 
deflector  is  now  used  to  "dither"  the  basic  2,000  Ipi  recording  spot  along  the  oxis  of 
the  drum  to  achieve  800  and  1,600  Ipi  recording  and  scanning  resolutions.  A high 
frequency  signal  is  opplied  to  the  ucousto-optic  deflector  to  achieve  the  dither  effect. 
Consequently,  a versatile  recording  ond  scanning  device  is  obtained  which  covers  both 
HR  and  PI  quality  Imagery. 
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The  scanning  function  is  relatively  easy  to  implement  on  a drum 
device.  The  detector,  which  can  be  of  small  size  and  high  speed  capability,  is  located 
near  the  recording  plane  and  intercepts  the  light  reflected  from  the  surface.  The  same 
light  source  is  used  to  illuminate  the  copy.  For  HR  and  PI  quality  imagery,  film  is  the 
only  medium  which  will  support  the  resolution  and  grey  shade.  Experience  has  shown  that 
film  can  be  read  in  reflectance  by  supporting  the  base  with  a diffuse  backing  material. 
This  elimates  the  problem  of  using  transparent  drum  cylinders  for  the  scanning  operation. 

A word  is  in  order  regarding  the  degree  of  automation,  especially  regard- 
ing unattended  operation  of  the  image  recorder/scanner.  It  is  possible  to  design  an 
automatic  loading  and  unloading  mechanism  for  the  drum  recorder.  This  mechanism 
could  load  9 inch  x 13  inch  sheets  of  film  onto  the  drum  prior  to  recording  and  unload 
them  into  a catchbox  upon  completion  of  the  recording  operation.  Such  a mechanism 
is  useful  only  in  applications  where  high  throughput  is  of  paramount  importance.  A 
careful  examination  of  the  image  loading  should  be  made  before  this  decision  is  made. 

In  order  to  maximize  terminal  reliability,  automatic  loading  mechanisms  should  be 
avoided  unless  all  throughput  traffic  requirements  indicated  otherwise. 

3.2.4  Loser  Beam  Recorder/Scanners 

The  key  technology  involved  in  laser  beam  recorders  is  contained  in  five 
major  components:  the  laser,  the  optical  modulator,  the  beam  deflector,  the  film 
handling  mechanisms  and  the  recording  media.  The  choice  of  laser  is  dictcted  primarily 
by  the  power  required  to  expose  the  recording  medium,  the  desired  signal-Vo-noise  ratio 
and,  in  some  cases,  the  MTF  of  the  recording  system.  Three  types  of  lasers  have  been 
successfully  used  to  record  high  resolution  imagery  including  the  common  helium-neon 
type,  the  newer  helium -cadmium  type,  which  produces  energy  in  the  near  ultra-violet, 
and  the  argon-ion  laser,  capable  of  producing  several  watts  of  coherent  radiation. 

Two  types  of  optical  modulators  are  used  in  high  performance  laser 
recorders:  The  electro-optic  type,  which  modulates  light  by  an  electronically- 
controlled  change  in  the  refractive  index  of  the  active  crystal,  and  the  acousto-optic 
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type,  which  produces  a refractive  index  change  that  forms  a microscopic  phase  grating 
across  the  laser  beam.  Unless  some  special  feature  of  the  electro-optic  process  is 
required,  the  acousto-optic  modulator  is  generally  superior  in  all  but  the  most  unusual 
applications.  Rise  time  less  than  100  nanoseconds  and  extinction  ratios  in  excess  of 
1500  are  easily  obtainable  in  off-the-shelf  devices. 

Current  laser  beam  recorders  which  produce  20,000  spot  resolution  on 
continuous  copy  roll  film  all  use  multifaceted  rotating  mirrors  to  achieve  the  scanning 
motion  across  the  film.  Galvanometers  are  not  capable  of  achieving  20,000  spot 
resolution  at  the  required  scan  rates.  Acousto-optic  beam  deflectors  are  limited  by 
time -bandwidth  product  constraints  to  applications  which  require  microsecond  sweep 
times  but  less  than  2,000  spot  resolution.  The  two  basic  multifaceted  mirror  spinner 
configurations  include  scan-before-focus  and  focus -before -scan  types.  The  scan-before- 
focus approach  is  used  in  conjunction  with  a special  F/0  lens  which  is  designed  to 
produce  a uniform  scan  on  a flat  field.  The  principal  advantage  of  this  approach  is 
that  it  leads  to  a leu  complex  film  transport  and  permits  recording  directly  on  the  drive 
capstan.  The  focus-before -scan  apporach  does  not  require  special  lens  design  because  the 
focussing  lens  always  operates  on-axi. . A curved  recording  film  platen  is  used  to 
compensate  for  large  field  curvature  produced  by  this  type  of  scanning.  The  curved 
platen  approach  results  in  somewhat  more  complex  film  threading  and  film  transport 
mechanisms.  Both  approaches  have  been  succeufully  employed  in  high  resolution 
scanners.  The  cost  of  a specially  designed  lens  is  usually  offset  by  the  cost  of  machining 
curved  platens  resulting  in  comparable  cost  impacts. 

The  high  performance  laser  beam  recorder  is  not  considered  to  be  a 
suitable  candidate  for  producing  PI  quality  imagery  because  of  high  cost.  Its  use  would 
be  recommended  only  if  the  link  requirements  were  significantly  higher  than  specified. 

For  example,  an  LBR  is  a likely  choice  if  PI  quality  (2,000  Ipi)  imagery,  and  lower  were 
to  be  transmitted  over  1 .5  Mb/s  links  with  5.5:1  data  compression. 


3.2.5 


Terminol  Recorder/Sconner  Recommendotions 


S«v«ral  /scanner  technologies  hove  been  discussed  In  the  four 

preceding  paragraphs  on  the  basis  of  technical  performance  factors.  Table  3.1 
summarizes  the  relative  rankings  of  these  technologies  when  viewed  in  terms  of  initial 
and  operating  costs  for  typical  implementations. 


Table  3.1 . Recorder/Scanner  Cast  Dependent  Factors 


Iffl* 

Initial 

Cost 

Operating 

Cost 

MTBF 

Loser-Galvo 

low 

low 

long 

CRT 

med. 

low/med. 

med. 

Drum 

med./high 

low 

long 

LBR 

high 

med./high 

med. /short 

The  evaluation  of  recorder/scanner  technology  leads  to  some  obvious 
recommendations  for  configuring  the  four  terminals.  The  recommendation  for  MR 
imagery  is  separate  laser  galvanometer  transmitters  and  receivers  operating  at  a scan 
density  of  400  lines  per  inch  with  dry  silver  paper  and  film.  This  is  the  only  image 
device  required  for  the  "D"  and  "DR0"  terminal.  To  handle  PI  quality  Imagery  a 
drum  recorder/scanner  (transceiver)  is  recommended  which  operates  at  800 , 1,600 
and  2,000  Ipl.  The  "B"  terminal  will  therefore  contain  both  o 400  Ipi  l/G  recorder 
and  scanner  but  also  a drum  transceiver.  The  "C"  terminol  will  similarly  contain  a 
l/G  recorder  and  scanner  but  a drum  which  is  capable  af  handling  only  800  Ipi  imagery. 
Only  minor  modifications  would  be  required  to  be  made  to  this  drum  configuration  for 
upgrading  to  "8"  terminal  capability.  The  hardware  description  and  performance 
parameters  for  the  individual  terminals  is  discussed  In  Section  4.0. 


3.3 


Terminal  Input  and  Output  Consideration 


The  three  primary  aspects  of  terminal  input  and  output  products  and  func- 
tions are: 

e The  recorder/scanner  recording  media 

e The  degree  of  automated  unattended  operation  which  should  be 

implemented 

e The  feasibility  of  providing  a store  and  forward  capability  within  the 
terminal 

Paragraph  3.1.4  discussed  various  recording  media  options  in  relationship 
to  the  requirements  for  image  terminal  readability.  Consequently,  the  evaluation  in  this 
section  will  be  confined  to  the  latter  two  points  listed  above. 

3.3.1  Operational  Concepts 

Figure  3.13  gives  a relatively  complete  top  level  summary  of  the  possible 
levels  of  automation  within  the  transmitter  and  receiver,  but  neglects  the  remainder  of 
the  system  including  the  communication  link.  As  shown,  both  receiver  and  transmitter 
can  be  viewed  as  being  comprised  of  several  functions  which  may  be  implemented  with 
varying  levels  of  automation.  In  general,  the  level  of  automation  of  each  of  these 
functions  may  be  independently  selected.  However,  system  constraints,  such  as  a require- 
ment for  human  judgment  in  selecting  the  material  to  be  transmitted,  the  quality  of  trans- 
mission, the  destination,  and  a second  requirement  for  transmission  to  multiple  receivers, 
serve  to  limit  the  degree  of  automation  of  several  of  the  transmitter  functions.  Receiver 
function  automation  is  not  similarly  limited.  The  receiver  function  automation  levels 
depicted  have  been  refined  for  several  of  the  functions  by  distinguishing  between  levels 
of  automation  which  are  feasible  under  local  control  and  those  which  ore  feasible  under 
remote  control.  For  example,  it  is  feasible  to  provide  completely  automatic  selection  of 
the  reproduction  parameters  of  a receiver  by  remote  control  from  the  transmitter,  but  not 
by  local  control,  due  to  the  variability  of  the  parameters  and  the  lack  of  information 
available  in  the  receiver  system  regarding  the  values  for  the  present  transmission. 
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Figure  3.13.  Terminal  Automation  Options 

In  order  to  determine  the  most  suitable  level  of  automation  for  a terminal 
in  the  receiver  mode  of  operation,  it  has  been  assumed  that  unattended  operation  of  the 
receiver  is  required.  The  assumption  eliminates  the  choices  requiring  manual  or  semi- 
automatic implementations.  The  resulting  fully  automatic  receiver  mode  appears  to  be 
well  within  the  state  of  the  art  for  the  medium  resolution  range.  The  high  resolution  and 
photointerpretable  ranges  however  would  require  the  development  of  specialized  and 
expensive  capabilities  as  discussed  in  Paragraph  3.2.  For  this  reason,  a slightly  less  auto 
mated  approach  appears  to  be  more  cost-effective.  In  this  approach,  the  medium  resolu- 
tion portion  of  all  terminals  is  capable  of  fully  automatic  reception.  The  remaining 
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portion,  if  any,  of  all  terminals  is  capable  of  fully  automatic  reception  with  the  excep- 
tion that  manual  loading  and  removal  of  film  is  required.  The  "B"  and  "C"  terminals  are 
thus  capable  of  receiving  one  picture  at  high  resolution  and  many  at  medium  resolution 
without  manual  intervention. 

The  mast  suitable  level  of  automation  for  the  transmitter  may  be  determined 
in  a similar  monner.  In  this  case,  the  proper  choice  is  much  less  well  defined.  In  the 
absence  of  statistical  data  on  the  expected  values  for  the  various  parameters,  use  of 
fixed  preprogrammed  parameter  value  tables  is  not  required.  The  choice  falls  between 
completely  manual  selection  and  some  form  of  semiautomatic  selection  in  which  a single 
selection  input  controls  all  parameters  that  are  uniquely  determined  by  that  selection. 

An  example  of  the  latter  is  selection  of  both  line-to-line  spacing  and  along-scan  sample 
spacing  for  a system  in  which  it  is  desirable  to  maintain  equal  resolution  in  both  dimen- 
sions by  means  of  a single  selection  input.  Simplicity  of  operation  requires  that  the 
latter  approach  be  taken.  Copy  looding,  for  the  reasons  discussed  above,  should  be 
manual  for  the  high  resolution  portion  of  the  "B"  and  "C"  terminals  and  automatic  for 
the  medium  resolution  portion  of  all  terminals. 

On  a systems  level,  it  is  apparent  that  the  functions  of  synchronization  and 
fill  character  insertion  and  removal  must  be  automated  to  achieve  the  desired  performance. 
This  area  is  described  in  more  detail  in  Paragraph  2.2.  The  basic  point  of  interest  is  that 
the  reproducer  has  a fixed  line  length  so  that  it  will  accept  the  data  following  a line 
sync  word  up  to  the  maximum  line  length  or  next  line  sync  word  for  reproduction.  A 
line  sync  word  starts  eoch  line.  If  line  sync  words  are  further  apart  than  the  maximum 
number  of  samples  in  a line,  all  excess  samples  are  treated  as  fill  words  and  deleted. 

3.3.2  Store  and  Forward  Operation 

Addition  of  image  storage  capability  to  the  bosic  terminal  provides  certain 
advantages  which  are  listed  below: 
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or  this  reason  the  data  recorder  should  interface 


• Transmit  Clear  Encoded 


Transmit  Clear  Unencoded 
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»o  the  data  processing  equipme  * and  be  used  in  the  clear  modes,  avoiding  the  necessity 

for  a complex  controller  and  an  additional  data  recorder  while  still  yielding  matt  of  the 
advantages  listed. 


The  expression  for  the  bit  capacity  of  a digitized  image  is  given  in 
Section  2.0.  An  image  with  6 bit  quantization  measuring  9X9  inches  and  scanned 
at  400  Ipi  contain,  7.8  (107)  bit,.  Candidate  storage  device,  should  be  capable  of 
Storing  several  equivalent  images.  The  current  technology  which  is  applicable  is: 

• Digital  Magnetic  Tope  - has  a capacity  of  3.7  (108)  bits  (about 

5 images  per  reel)  with  reod/write  speeds  at  selectable  fixed  rates 
of  up  to  5.8  (K)5'  bits/sec. 

• Anolog  Magnetic  Tope  (Linear  Scan)  - has  a capacity  of  7.2  (10^) 
bits  (about  90  images)  with  read/write  speeds  up  to  3.2  (107)  bits/sec. 

• Helical  Scon  Digital  Tope  - has  capacity  of  7.5  (1010)  bits  (almost 
1000  images)  with  average  read/write  speed  of  6.3  (106)  bits/sec 
and  maximum  fixed  speed  of  8.1  (106)  bits/spc. 

• M capacity  of  0.7  (109)  bits  (about  nine  images)  with  fixed 
read/write  speed  of  6.4  (106)  bits/sec. 


The  various  types  of  magnetic  tape  units  exhibit  a major  disadvantage  in 
thi,  type  of  system  configuration  be-ause  of  the  variable  access  rote.  When  used  as  the 
transmitter  data  source,  the  tape  must  provide  a line  of  data  on  demand  from  the  data 


processor  input  buffer  or  operate  only  with  the  encoded  dota,  When  used  as  the  receiver 
data  source,  the  tape  must  provide  a line  of  data  on  demand  from  the  dota  processor 
input  buffer  or  the  reproducer  output  buffer.  The  tape  transport,  currently  available  are 
not  well  suited  to  thi,  type  of  operation  - including  the  analog  magnetic  tope  and  helical 
scan  digital  tap. . Start/stop  time,  far  these  two  type,  are  on  the  order  of  second,  result- 
ing in  long  interrecard  gap,.  To  utilize  the,,  technique,  efficiently,  the  data  processor 
buffer  size  must  be  increased  to  handle  several  seconds  of  data.  This  represents 


an 
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increase  of  several  orders  of  magnitude  over  standc  d requirements  so  it  is  no!  an  attrac- 
tive solution.  Digital  magnetic  tape  transport  stop  or  start  in  milliseconds,  but  the 
capacity  of  the  tape  is  not  very  high* 

The  magnetic  disk  memory,  however,  suffers  from  none  of  these  problems. 
No  buffer  size  increase  is  required  because  the  access  time  is  no  more  than  20  milli- 
seconds per  line.  The  storage  capacity  is  sufficiently  large  for  three  disks  to  be  used  for 
high  scan  density  image  storage. 

Ot!  ■ technologies  showing  considerable  promise  for  this  application  by  the 
1980  time  frame  are  charge  coupled  device  (CCD)  memories  and  mognetic  bubble  mem- 
ories. Presently  these  devices  are  experimental  in  nature,  with  indications  that  the  cost 
and  performance  may  eventually  be  competitive  with  the  magnetic  disk.  One  CCD 
memory  device  has  been  commercially  Introduced  at  a cost  af  0.15  cents  per  bit  with 
further  reductions  expected.  This  compares  with  a cost  of  0.003  cent  per  bit  for  the  disk 
subsystem  discussed  above.  The  CCD  or  magnetic  bubble  memory  lends  itself  to  rugged- 
izotion  mare  readily  than  the  disk.  Since  these  technologies  are  immature  at  present, 
the  prediction  af  precise  east  trends  is  much  mare  difficult  than  for  the  magnetic  tape  or 
disk. 

The  additional  capabilities  offered  by  the  addition  of  picture  storage  to 
the  terminal  must  be  evaluated  by  tiie  user  on  the  basis  of  cost-effectiveness.  The  cost 
of  a nonruggedi  zed  disk  subsystem  is  approximately  $70  thousand.  The  option  of  store - 
and-farward  operation  is  technically  feasible  and  implementable  with  currently  available 
hardware . We  consider  it  to  be  on  exercisable  option  but  have  not  included  it  in  the 
terminal  configurations. 


3.4 


Terminal  Intercompotibility 

Terminal  intercompatibility  it  one  of  the  key  requirements  to  ensure  flexible 
system  response  to  dynamic  situations.  A high  degree  of  flexibility  is  required  to  respond 
rapidly  to  changing  military  and  political  situations.  Several  advantages  may  be  realized 
if  the  network  system  and  the  terminals  are  configured  so  that  every  terminal  type  be 
capable  of  communicating  with  every  other  terminal  type.  For  "B"  and  'C"  terminals, 
an  intercompotibility  configuration  in  which  transmit  or  receive  portions  of  the  equipment 
are  used  tends  to  increose  the  availability  of  the  network. 

Transmission  capability  from  a low  level  ("D"  or  "Dro  ")  terminal  to  a high 
level  terminal  ( B or  C ) is  a basic  requirement  of  this  approach.  Upwards  compat- 
ibility is  realized  by  including  the  capability  within  each  terminal  to  receive  trans- 
missions from  lower  level  terminals.  This  may  be  accomplished  by  providing  an  image 
recorder  of  the  type  used  in  the  "0"  terminal  as  part  of  the  "B"  and  "C"  terminal.  The 
volume  of  incoming  data  can  be  increased  or  decreased,  if  required,  by  the  data 
processor. 

The  overall  impact  of  intercompotibility  is  to  allow  the  system  to  be  recon- 
figured in  a variety  of  ways  subject  only  to  the  communication  system  constraints  and  the 
basic  terminal  parameters.  Depending  on  the  availability  of  suitable  communication 
links  and  the  operational  situation,  networks  may  be  merged,  increased  or  decreased  in 
size , and  added  or  deleted. 

Terminal  types  "B, " "C, " and  "D"  can  easily  be  configured  to  allow  auto- 
matic arbitration  of  image  recorder  type,  recorder  spot  size,  image  quantization,  and 
pixel/line  deletion  or  repetition  so  that  any  terminal  con  transmit  to  any  mix  of  receiving 
terminals  either  Hmultaneously  or  one  at  a time.  The  configuration  of  a typical  multidrop 
system  is  shown  in  Figure  3.14.  if  terminal  "B"  is  to  transmit  to  "C"  and  "D"  terminals  in 
the  net,  manual  inputs  to  the  "B"  terminal  cause  data  to  be  scanned  and  transmitted  at 
800  lines  and  pixels  per  inch.  The  resulution  of  the  transmitted  data  is  signalled  to  the 
receiving  terminals  in  the  set-up  word  as  indicated  in  Section  2.0.  The  "C"  terminal 
receives  the  data  and  utilizes  it  without  modifying  the  resolution.  The  "D"  terminal 

deletes  alternate  lines  and  pixels  of  data  to  convert  the  received  data  to  a compatible 
resolution. 
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terminal  address  of 
transmitter  and  receivers 

3 LINK  DATA  RATE  RESTRICTED 
TO  THAT  OF  SLOWEST  TERMINAL 

4 COMM  LINKS  ASSUMEO  COMPATIBLE 
WITH  CONNECTION  SHOWN  - MUST 
BE  EVALUATED  FOR  SPECIFIC  CASE 

5 TYPICAL  CONNECTION  SHOWN 


Figure  3.14  Terminal  Multidrop  Arrangement 


In  general,  the  data  is  scanned  and  transmitted  at  a resolution  equal  to  the 
highest  resolution  which  is  reproducible  by  any  single  receiving  terminal.  Other  receiv- 
ing terminals  would  then  convert  the  received  data  into  a suitable  resolution  by  line  and 
pixel  deletion.  For  those  instances  where  the  original  data  does  not  require  high  resolu- 
tion reproduction,  where  time  is  an  overriding  factor,  or  where  the  transmitter  does  not 
have  the  capacity  to  transmit  at  any  higher  resolution,  the  receiving  terminals  utilize 
the  proper  reproducer  to  ensure  compatibility.  Note  that  line  and  pixel  repetition  is 
never  required  in  a unity  scale  factor  reproduction.  For  example,  if  the  D terminal  is 
the  transmitter  in  Figure  3.14,  the  data  is  transmitted  at  400  lines  and  pixel,  per  inch. 
The  "B"  and  "C"  terminals  would  use  the  laser/galvo  recorder  contained  in  the  terminal 
and  reproduce  the  data  as  transmitted,  without  modification  of  the  resolution.  The 
reproducer  is  chosen  by  the  receiving  terminal  on  the  basis  of  the  set  up  wora  received. 
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Unattended  operation,  except  for  replenishment  of  paper,  maintenance  and 
repair,  is  thus  permissible  between  any  levels  af  terminals  as  long  os  the  data  is  trans- 
mitted and  received  at  200  or  400  lines  and  pixels  per  inch.  High  resolution  transmissions 
use  a drum  scanner  and  reproducer  which  require  manual  loading  and  unloading  at  both 
transmitter  and  receivers.  Operation  with  other  than  unity  scale  factor  also  requires 
manual  intervention  at  transmitter  and/or  receivers.  Note  that  the  discussion  in  this 
section  relegates  the  link  switching,  if  any,  and  the  crypto  synchronization  to  the  com- 
munication system. 


If  a portion  of  an  image  or  an  image  of  less  than  9 by  13  inches  in  size  is 
to  be  transmitted,  the  transmitter  must  be  informed  which  portion  of  the  image  is  to  be 
transmitted  or  the  size  of  the  image.  This  information  is  manually  entered  from  the  image 
area  designator  device. 

This  device  allows  designation  of  image  areas  1 inch  square  for  utilization 
in  defining  image  size  and  redundant  areas  to  the  data  processing  module.  The  present 
concept  of  this  device  uses  an  overlay  an  the  image  with  1 inch  grid  lines,  indexed  to 
the  upper  right  corner  of  the  image.  A group  of  pushbuttons  provides  the  means  for 

•f 

designating  individual  1 inch  square  areas  and  the  type  of  compression  algorithms  used  in 
the  redundant  areas.  The  transmitter  scans  the  entire  9 by  13  inch  area  but  transmits  only 
the  designated  information.  Scanning  will  cease  when  the  remaining  portion  of  the 
picture  contains  no  additional  area  designated  for  transmittal.  This  approach  permits 
smaller  formats  to  be  handled  more  efficiently. 


The  same  feature  is  used  to  transmit  a magnified  version  af  a small  image. 
Magnification  is  accomplished  by  scanning  at  onz  scan  density  and  recording  at  another. 
For  example,  a 2 inch  square  portion  of  the  image  could  be  scanned  by  a "B"  terminal  at 
1600  Ipi  by  reception  as  a "B,"  "C,  " or  "D"  terminal.  This  would  be  accomplished  by 
selecting  the  orea  to  be  scanned  by  the  image  area  designator  and  causing  the  transmitter 
data  processing  module  to  identify  the  1600  Ipi  data  as  400  Ipi  data  to  the  receiver.  The 
effect  would  be  to  cause  the  linear  dimensions  of  objects  in  the  magnified  image  to  be 
four  times  larger  than  in  the  original  image  scanned.  Similarly  2X  magnification  is 
accomplished  by  scanning  at  twice  the  scan  density  of  the  reproduction.  It  should  be 
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noted  that  the  results  of  the  magnification  process  described  above  ore  effectively 
identical  to  employing  optical  magnification  of  the  corresponding  value  (2X  or  4X)  on  a 
2 inch  square  image  scanned  and  reproduced  at  1600  1 pi.  Objects  slightly  above  the 
limit  of  detection  in  the  1600  Ipi  reproduction  appear  correspondingly  larger,  but  still 
only  slightly  above  the  limit  of  detection  in  the  400  Ipi  reproduction. 

Magnification  is  also  possible  by  scanning  and  reproducing  at  the  same  scan 
density,  with  each  data  sample  and  each  line  repeated  twice  for  2X  magnification.  This 
is  called  "empty  magnification"  because  the  objects  in  the  imoge  appear  twice  as  large, 
but  do  not  contain  more  information.  Empty  magnification  could  be  employed  to 
achieve  magnification  between  terminals  with  the  same  scan  density. 


3.5 


Terminol  Modulority 

A natural  method  of  upgrading  terminal  performance  is  by  exchanging  a 
portion  of  the  terminal  for  higher  performance  Hardware  or  by  adding  equipment  to  an 
existing  configuration  to  improve  terminol  capability.  The  primary  advantage  af 
modular  design  is  that  it  affords  a means  far  upgrading  terminal  performance  with 
minimal  cost  impact.  The  two  major  subsystems  considered  far  modular  implementation 
are  the  recorder/scanner  subsystem  and  the  data  processing  subsystem.  ’ 

The  recorder/sconner  subsystem  modularity  concept  must  be  considered  in 
terms  af  its  application  in  the  various  terminal  configurations.  The  lowest  performance 
configuration  is  one  using  only  the  laser-galvanometer  recorder  for  reception  af  400  Ipi 
imagery  in  the  mDRqH  terminal.  The  image  recorder  receives  data  at  400  Ipi  but  is 
capable  af  recording  at  two  spot  sizes  - one  which  is  consistent  with  400  Ipi  resolution 
and  another  which  has  twice  the  spot  size  but  still  scans  at  400  Ipi.  This  latter  approach 
tends  to  produce  a more  uniformly  pleosing  image  than  one  produced  by  merely  dropping 
pixels  and  lines  for  200  Ipi  operation.  The  laser  galvanometer  recorder  records  an 
either  3 M brand  dry  silver  paper  or  film  from  continuous  200  foot  rolls.  Im<«e  sizes  of 
up  to  9 inches  by  13  inches  can  be  easily  accommodated.  The  recording  medium  is 
processed  automoticolly  offer  completion  of  the  recording  sequence. 

The  image  recording  and  scanning  capability  of  the  “DRQM  terminal  may 

be  upgraded  to  “D"  terminal  status  by  adding  o laser-galvometer  sconner  module.  It 

too  is  designed  to  operate  at  400  Ipi  but  has  the  copability  of  scanning  with  two  different 
spot  sizes . 

For  performance  beyond  medium  readability  capability,  a drum  recorder/ 
.conn*  i.  added.  The  Initial  step  to  »C"  torenlnol  status  raquim  tin  addition  of  on. 
«pd>l.  of  operating  at  800  Ipi.  For  ”1"  terminal  capability,  this  drum  Is  further 
modified  to  provide  bath  1400  and  2000  Ipi  recording  and  scanning  capability.  Input 
and  output  madia  for  us.  with  the  drum  equipment  Is  restricted  to  film  which  Is  manually 
loaded  ond  unloaded  from  the  device. 
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Six  data  processing  module  options  are  recommended  to  cover  the  full 
range  of  terminal  requirements.  The  first  of  these  is  the  basic  "D"  terminal  Data  Pro* 
cess  or,  a bipolar  microprocessor  based  device  that  performs  the  functions  of  setup, 
encoding,  decoding  and  data  buffering.  This  function  is  illustrated  by  Figure  3.15. 

mow  itWK/MOorM  toiink/moocm 


INPUTS 


Figure  3.15.  Basic  Data  Processing  Function  Diagram 

The  basic  buffer  size  is  3600  words.  The  second  module  provides  additional  memory  to 
extend  the  buffers  to  a 7200  word  length  which  is  required  for  the  "C"  terminal.  The 
third  module  provides  yet  more  extension  memory  for  a total  of  up  to  18. OK  words  which 
is  required  for  the  "B"  terminal . 

The  fourth  module  is  an  optional  high  speed  Huffman  eneoder/decoder  which 
provides  an  average  2.4  x increase  in  picture  transmission  speed.  This  module  is  capable 
of  operating  at  the  1 .5Mb/s  link  rate  expected  on  high  bit  rate  links  and  provides  a 
measure  of  data  reduction  at  rates  above  those  for  which  conventional  general  purpose 
serial  data  processors  are  feasible,  input  buffering  is  provided  in  the  module. 
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The  fifth  module  is  o high  speed  buffer/link  interfrce.  This  unit  allows  the 
drum  scanner/ reproducer  to  interface  to  the  1 .5  Mb/s  link,  either  directly  or  through  the 
Huffman  code  module  described  above.  All  buffering  necessary  for  direct  interface,  as 
well  as  sync  code  insertion  is  provided  by  this  module.  The  code  output  is  buffered  to 
the  link  when  used  in  conjunction  with  the  Huffmon  encoder/decoder  module. 

The  sixth  and  final  module  is  the  store  and  forward  module.  This  module 
provides  a magnetic  disk  and  interface  to  operate  as  described  in  Paragraph  3.3.2. 
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3.6 


Security  Consider otions 


The  two  aspects  of  security  which  are  sufficiently  important  to  require 
speciol  attention  are: 

1.  Conformity  to  TEMPEST  requirements 

2.  Compatibility  with  COMSEC  equipment 

The  elimination  of  compromising  emanations  from  the  RED  terminal  equip- 
ment must  be  a goal  which  is  addressed  early  in  the  detailed  design  phase.  Experience 
with  the  EICS  equipment  indicates  that  it  is  a difficult  task  to  eliminate 
compromising  emanations  after  the  equipment  has  already  been  designed  and  built. 

As  shown  in  Figure  3.16,  the  original  EICS  equipment  did  not  meet  the  imposed 
TEMPEST  requirements  and  even  after  extensive  modifications,  it  was  judged  to 
be  only  marginally  conforming. 


✓*' 


Figure  3.16.  EICS  and  Laserfax  TEMPEST  Tests 
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3.7 


Communication  Interface  Considerations 


Most  communication  links  in  use  today  are  basically  analog  in  nature, 

„ven  though  portions  of  the  link  tnoy  be  digital . Digital  signals  are  transmitted  over 
onolog  lines  by  the  use  of  modems  at  both  ends  of  the  link.  The  modems  (modulator- 
demodulatort  convert  the  digital  signal  into  an  analog  form  suitable  lor  transmission 
ove,  the  analog  line  at  the  transmitter  and  convert  the  analog  loan  back  into  digital 
fotm  at  the  receiver.  Compensation  is  usually  applied  to  the  received  analog  signal 
which  allows  distortion,  frequency  shift,  phase  shift  noise,  and  band  limiting  to  occur 
without  disrupting  the  link.  The  upper  portion  of  Figure  3.17  illustrates  this  type  of 
operation  and  shows  a standard  MIL-STD-I88C  low  level  interface  between  the  terminal 

and  the  modem. 


CLOCK  AND  DATA 
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CLOCK  ANO  DATA 
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Figure  3.17.  Terminal  Interface  Through  MIL-STD-188C 


A second  type  of  interfoce  is  shown  in  the  lower  holf  of  the  figure . In 
this  cose  the  communication  link  interface  is  digital.  The  communication  link  may  be 
totally  digital  over  the  entire  length  or  digital  over  only  a portion  of  the  length.  Few 
links  today  are  wlioliy  analog  or  digital  - most  are  a composite  of  analog  and  digital 
portions.  The  effect  U Mat  there  is  little  difference  between  the  two  types  of  links 
except  for  the  actual  location  af  the  modem  which  con  be  either  inside  or  outside  of 
the  link. 

Another  consideration  far  communication  interface  is  the  source  af  the 
timing  far  data  transmission.  Modems  and  digital  link  interfaces  may  operate  either 
synchronously  or  asynchronously.  At  lower  speeds,  modems  are  often  asynchronous,  i.e., 
operated  at  a variable  bit  rate  defined  by  the  data  source  the  transmitter.  At  high  speeds 
modems  are  almost  always  synchronous  or  operated  at  fixed  bit  rates  defined  by 
precision  timing  sources  located  most  commonly  within  the  transmitting  modem  but  some- 
times external  to  the  modem  in  the  tranenitter.  Timing  for  the  receiver  is  derived  from 
the  transmitted  data.  Similarly,  digital  link  interfaces  may  be  either  synchronous  or 
asynchronous.  OfMn  digital  input  data  at  lower  rales  are  multiplexed  digitally,  perhaps 
through  several  stages,  to  form  a single  higher  bit  rate  stream  for  transmission  over  a 
high  bit  rate  link.  In  this  case,  timing  must  be  phase  locked  to  the  multiplexer  rate  in 
order  to  ensure  usable  data.  At  the  receiver,  the  data  stream  is  used  to  regenerate 
timing  for  control  of  the  demultiplexing  process.  Demultiplexing  requires  phase-locked 
timing  through  the  lowest  stage. 

Accordingly,  the  terminal  operating  as  a transmitter  must  be  capable  of 
generating  the  timing  signals  sent  to  the  modem  or  link  interface,  and  alternately  of 
accepting  the  timing  signals  from  the  modem  or  link  interface.  In  the  receiving  mode, 
the  terminal  must  be  capable  of  accepting  the  timing  signals  from  ar  generating  the 
timing  signals  for  the  modem  or  link  interface.  Provision  for  a precisian  timing  source 
internal  to  the  terminal  and  selection  circuitry  for  tne  timing  source  is  a standard  design 
technique. 


3.8 


Doto  Compression 


During  the  course  of  this  study,  the  RA DC  -developed  Redundant  Area 
Coding  Scheme  (REARCS)  ' 2 i,  employed  o.  .he  bo, .line  opp,ooch  for  achieving  high 
data  compression  factors.  The  data  compression  technique  has  been  successfully  imple- 
mented and  evaluated  on  an  Experimental  Imoge  Compression  Subsystem  (EICS)3  under 
several  RADC -sponsored  controcts  with  HARRIS  Electronic  Systems  Division  (Horris 
ESD).  In  this  section,  the  basic  operating  principles  of  REARCS  are  reviewed. 

The  purpose  of  the  Redundant  Area  Coding  Scheme  (REARCS)  is  to  reduce 
data  content  in  a picture  so  it  may  be  transmitted  in  minimal  time  aver  a communicotion 
link.  Since  not  all  areas  of  normal  reconnaissance  imagery  carry  the  same  level  of 
interest,  only  the  oreas  of  high  information  need  to  be  transmitted  exactly.  The  low- 
mfarmation  (redundant)  areas  ore  used  primarily  far  orientation,  so  they  can  be  coded 
far  transmission  at  the  maximum  data  reduction  rate  and  still  be  effective.  Based  on 
these  facts,  the  REARCS  opproach  applies  different  coding  techniques  to  the  two  types 
of  areas.  In  the  nonredundant  area,  a statistical  coding  is  used  to  preserve  all  of  the 
data  by  coding  the  data  exoctly  os  it  is  digitized.  In  the  redundant  areas,  an  inter- 
polate step  technique  is  used  that  con  be  combined  with  lower  resolution  sconning  to 
obtain  data  compression. 


The  redundant  and  nonredundant  areas  of  the  picture  and  the  coding  tech- 
niques in  the  boundary  areas  ore  selected  by  the  operator  using  a grid  motrix.  A con- 
venient grid  of,  say,  1 Inch  x 1 inch  spocing  is  usually  chosen. 

In  the  nonreayndont  area  we  use  on  entropy-preserving  stotistical 
cade,  starting  with  the  value  of  one  pixel,  statistical  coding  is  used  to  encode  the 
changes  in  grey  levels  between  adfocent  pixels.  The  frequency  of  occurence  of 


4 March°1970  N0,  3743765'  R®^ndant  Area  Coding  System,  U.S.  Air  Force; 

2 "Redundant  Area  Coding  Study,"  RADC -TR -71 -192  September  1972. 

"Experimental  Image  Compression  Subsystem  (EICS),"  RADC-TR-74-191  January  1975, 
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different  difference  values  follows  a definite  statistical  pattern;  no-change  and 
single-level  changes  occur  most  frequently,  while  two-  and  three-  level  changes  occur 
less  often.  Table  3. 2 is  a list  of  the  statistics  of  level  changes  which  were  determined 
by  measuring  many  different  types  of  reconnaissance  images.  Only  minor  changes 
occur  in  the  statistics  of  complicated  images  compared  to  uncomplicated  images. 


Table  3*2.  Level  Change  Statistics  and  Coding 


Huffman 

Code 

Statistical 
Occurrence 
(In  Percent) 

No  change 

1 

68.0 

One-level  change  + 

01 

12.1 

One-level  change  - 

001 

12.1 

Two-level  change  + 

00011 

2.0 

Two-level  change  - 

00001 

2.0 

Three-level  change  + 

0000101 

1 2 

Three- level  change  - 

000100 

1.2 

Four-level  change  ♦ 

0000011 

0.4 

Four-level  change  - 

0000001 

0.4 

Remainder  code 

0000010  (followed 
by  a 6-bit  data 
value) 

0.6 

In  order  to  assign  a unique  code  to  each  event,  a Huffman  coding 
approach  Is  used.  The  most  likely  events  are  assigned  the  shortest  codes.  All  changes 
of  more  than  four  levels  are  assigned  a new  reference  by  assisting  a special  code 
with  the  absolute  6-blt  value  of  the  sample  sent  right  after  the  code.  This  form  of 
coding  yields  2.0  to  2.4:1  data  reductions  depending  upon  the  activity  of  the  picture 
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data.  The  outstanding  characteristic  of  this  code  is  that  it  is  noninterpolative  or 
entropy -preserving.  Thus,  if  no  link  errors  are  introduced,  the  decoded  data  will  be 
exactly  like  the  input. 

In  the  redundant  areas,  an  entropy-reducing  step  coding  technique  is 
used.  The  step  coding  algorithm  is  a zero  order  reduction  interpolative  technique.  The 
code  fixes  a reference  point  with  the  "next  sample"  and  establishes  a tolerance  around 
this  point.  The  subsequent  samples  are  examined  to  determine  if  they  lie  within  this 
tolerance.  All  consecutive  values  within  the  tolerance  are  transmitted  as  a single 
sample  with  the  assigned  value  of  the  center  of  he  tolerance  range.  The  count  of  the 
samples  falling  within  the  tolerance  is  transmitted  as  a run  length.  When  a sample  falls 
outside  the  tolerance,  a new  "next  sample"  reference  is  established  using  this  sample 
and  subsequent  samples  are  tested  against  this  newly  established  tolerance.  The 
operator  can  select  various  tolerances  and  numbers  of  lines  and  samples  to  be  dropped  - 
depending  upon  the  quality  he  desires  to  transmit  in  the  redundant  area.  The  trans- 
mission time  is,  of  course,  affected  by  the  coding;  a scheme  that  perserves 
more  of  the  original  data  will  take  longer  to  transmit. 

Another  feature  that  has  been  incorporated  in  the  system  is  the  zoom  tech- 
nique. By  using  this  technique,  a small  area  of  the  original  photograph  can  be  scanned 
at  higher  resolution  and  reproduced  on  the  receiving  end  in  an  expanded  form  at  lower 
resolution.  For  example  it  is  po«ible  to: 

e Scan  a 4 inch  x 4 inch  area  at  400  lines/inch  and  reproduce  on  the 
receive  end  as  an  8 inch  x 8 inch  copy  at  200  lines/inch  for  a X2 
expansion. 

e Scan  a 2 inch  x 2 inch  area  of  the  original  photograph  at  800  lines/ 
inch  and  . eproduce  on  the  receive  end  an  8 inch  x 8 inch  photo- 
graph at  200  lines  for  a X4  expansion.  This  capability  allows  the 
operator  the  option  of  transmitting  the  whole  copy  at  200  lines/ 
inch  as  the  first  picture  in  the  set,  and  then  zoom  in  to  tronsmit  the 
small  2 inch  square  of  the  picture  ct  on  effective  800  lines/inch. 
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The  REARCS  technique  can  be  applied  to  the  zoom  pictures  in  the  same 
manner  that  it  was  applied  to  the  1:1  picture.  For  instance,  a 2 inch  x 2 inch  pic- 
ture scanned  at  800  lines/inch  would  be  divided  into  8x8  grid  squares.  Each  grid 
square  in  this  case  would  be  1/4  inch  square.  Thus,  the  operator  can  select  very  small 
area,  within  the  zoom  picture  to  be  transmitted  at  high  resolution  and  the  remainder  of 
the  area  in  the  zoom  picture  will  be  at  a lower  resolution,  depending  upon  thenumber 

of  line,  and  sample,  dropped.  Figure  3.18  illustrate,  the  zoom  and  the  Redundant  Area 
Coding  features  which  can  be  implemented. 


ZOOM  ONLY 


redundant 

LOW  RES  AREA 

NONREDUNDANT 
HIGH  RES  AREA 


2X  EXPANSION 
LOW  RES  AREA 


HIGH  RES  AREA 


«X  EXPANSION 
HIGH  RES 


LOW  RES 


REARCS  ANO  ZOOM 


Figure  3. 18.  REARCS  and  Zoom  Capability 


The  zoom  technique,  combined  with  REARCS  hos  proved  to  be  on 
extremely  effective  technique  for  transmitting  intelligence  and  reconnaissance  picture 
data.  The  reaction  thus  far  to  the  use  of  the  two-coding  technique  and  the  zoom  tech- 
nique has  been  very  favorable.  The  EICS  testing  has  shown  thot  the  coding  combination 
described  is  very  effective  and  that  the  lower  resolution  in  the  redundant  areas  does  not 
affect  the  usability  of  the  received  information.  This  testing  has  shown  thot,  on  the 
average,  between  5 and  10  boxes  are  all  thot  are  required  ta  designate  most  of  the 
target  areas  in  any  one  picture.  The  system  is  flexible,  however,  such  that  the 
operator  cauld,  if  he  desired,  select  all  of  the  boxes  as  target  areas  and  transmit  the 
entire  picture  at  the  highest  resolution  possible.  Tests  have  shown  that  a data  com- 
pression factor  of  between  10  and  15  is  easily  achieved  and  under  some  conditions,  it 
is  possible  to  obtain  20:1  reduction  on  reconnaissance  imagery. 
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Do»o  Processing  Options 

S.v.,01  dlffw.nl  UchnologU.  for  Implementing  th.  doto  procuing  fune- 
Hon.  or.  eomidw*  In  lhb  -Cion.  Th.  four  typ«  of  lmplwn.nt.llon  opproooh., 
considered  ore: 

1 . Hardwired  logic 

1.  Minicomputers 

3.  MOS  microprocessors 

\ 

4.  Bipolar  microprocessors 

Th.  hardwire!  logic  opprooch  I.  th.  convnllol  on.  which  u.«  individual 
MSI  logic  .Um.nl.  In  . poroll.1  orgonliatlon  to  pwfon.  Ih.  buffllng,  .ncodlng  ond 
decoding,  ond  InUrfoc.  function..  Th.  logic  dwlgn  I.  H-cIflcally  •«»«'«'  *»  \ , 

,tor.d  program  coding  algorithm  which  I.  lo  b.  uud.  Thl.  opprooch  I.  rC.llv.ly  InfUx- 
ib|.  but  off*.  th.  higher  h-W  capability  of  ony  of  th.  omthod.  of  lmpl«n«Utlon 
eoraldwed.  Minor  change  to  th.  coding  olgorlthm  may  not  b.  lmpl.m.n»d  without 
.xpeolv.  resign  ond  ,.pla«nwnt  or  r.worh  of  th.  hordwor..  Although  no  uftwor. 
cast  I.  Incurud  uring  thl.  opprooch,  th.  hordwor.  cut  I.  high;  conurpuntly,  A.  ovwoll 
ct  I.  th.  hlghet  of  th.  approach •»  comhUcd,  Th.  .Iz.  of  th.  control  mwnory  I. 
rUpeideit  upon  th.  ^.clflc  .loud  progrom  algorithm  but  It  I.  uuolly 
other  Implementation  technologies. 

Th.  mlnlcompuUr  opprooch  geerally  offw.  th.  .y.Um  dulgnw  o ropld 
Implementation  cycl.  ond  o ul.tlv.ly  low  Uv.l  of  deign  ond  programming  .ffort.  Th. 
primary  advantage  of  a mlnlcompuUr  approach  Includ.  ov.IUb.llty  of  ruggellzel  mod.1. 
ew.lla.owld.  rang,  of  uftwou  package  ond  pwlphwol  «p,lpm.nt  oil  of  which  or. 
supported  by  ,y.Um.  orUnUd  cetome  urvlc  Th.dludvonto^  Includ.  Ilmlud  opwot- 
Inc  >eed,  size  and  long  delivery  schedules.  j 

Th.  mlcroproCMur  opprooch  utilize.  LSI  Uchnltpm  to  provld.  o word- 
paralt.l  central  procear  uring  vwy  Uw  MUgroUd  circuit..  Although  no  b«ic  dlfUunc. 
exist.  between  minicomputer.  and  microcomputers,  o few  fund,  can  b.  KUntlfW. 
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Minicomputers  are  usually  purchased  as  complete  systems  including  power  supplies  and 
memory  whereas  microcomputers  are  purchased  as  either  complete  systems  or  sets  of 
integrated  circuits  without  power  supplies,  memory,  or  mour.tlng  hardware.  Although 
present  minicomputers  are  being  fabricated  with  TTL  and  MSI  circuitry,  the  »rend  is 
toward  implementing  minicomputers  with  LSI  microprocessor  chip;. 

The  microprocessor  is  most  often  used  in  a dedicated  application  instead  of 
as  a general  purpose  machine;  consequently,  relatively  little  system  support  software  is 
available  for  most  microprocessors  when  compared  with  minicomputers.  The  minicomputer 
architecture  is  generally  more  easy  to  implement  than  the  microprocessor  because  of  the 
pin-out  constraints  on  the  LSI  packages. 

The  two  most  common  microprocessors  available  today  are  based  on  either 
MOS  or  bipolar  technology.  The  MOS  technology  yields  more  complex  and  versatile 
chips  but  bipolar  circuitry  is  much  faster.  The  table  below  compares  several  key 
parameters. 


Table  3.3.  MOS  and  Bipolar  Microprocessor  Comparison 

MOS  Bipolar 


Word  Sizes  (Bits) 

4,8,16 

Speed  Ranges 
(Macro  Instruction  Time) 

2-6  Ops 

.5-2ys 

Architecture  Types 

Monolithic 
Functional  Slice 
Bit  Slice 

Bit  Slice 

Languages 

Macro 

Micro 

Micro 
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T-*l.  3.3.  MOS  and  Bipolar  Mlcropror**,  Campari, on  (Continue, 


Software  Aids 


Hardware  Aids 


MOS 

(X)  Assemblers 

Editors 

Loaders 

1 -Higher  Level  Language 
Simulators 


Bipolar 

l-X  Assembler 
For  Micro-Code 


Real-Time  Development 
Systems 


None 


*■>«  procrmlnfl  tad,n.lo*l«  l„  '°Ur 

• Ihe  bipolar  microprocessor  offers  greater 
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HARDWIRED 
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minicomputer 


MOS 

MICROPROCESSOR 

BIPOLAR 

MICROPROCESSOR 


[moderately 

1 HIGH 


moderately 

FAST 


flexibility 

LOWEST 
HIGHEST 
MODERATE 


MODERATELY 
HIGH 
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achieve  foil  flexibility.  The  MOS  microprocessor  offers  the  lowest  cost  approach  but 
is  also  the  slowest.  The  operation  of  a MOS  microprocessor  may  be  changed  by  modify- 
ing the  firmware. 

The  speed  of  operation  of  the  four  processing  technologies  is  superimposed 
on  a graph  of  computer  operations  versus  data  comprejsion  ratio  as  shown  in  Figure  3.20. 


Figure  3.20.  Data  Compression  Processing  Limitations 


The  operating  speed  of  the  data  processor  is  determined  by  the  data  compression  factor 
and  the  bit  rate  which  must  be  attained  to  fill  the  communications  link.  The  data  pro- 
cessing module  must  operate  at  a sufficiently  high  speed  to  be  capable  of  supplying  data 
to  fill  the  link  regardless  of  the  data  compression  presently  occurring. 

The  number  of  samples  per  second  which  must  be  processed  con  be  calcu~ 
lated  asa  function  of  the  bit  rate  and  data  compression  factor  and  is  given  by: 
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7"  (OH.)  U ,0,°'  0f  bin  C i,  th.  compression  factor  and  the 

° Z ZT  7 « ^ X par  s^l. 

2 ,0r  ,mp'*m,n,,n«  ,h*  for  barh  ft.  Huffman  DPCM  and  st*,- 

*7  m0d"'  Th~  OP*r°MOn‘  " ‘impl*  0ri,hm,*iC  and  ™»**for-fo^W.r  operations 

ich  are  compatible  with  microprocessor  capabilities. 

The  calculation  mod.  aba*,  and  plotted  In  FI*™  3.20  for  various  link 

Pre““in9  " * ««•»  *-  M goal  of  filling 

kb/s  hnk  at  a 20X  compression  ratio.  For  this  regulmment,  hardwire  TTL  logic 

can  be  wd  but  a bipolar  tnictopraceuar  would  be  marginal.,  usable.  Hardwired  TTL 
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TERMINAL  CONFIGURATIONS 


4.0 


TERMINAL  CONFIGURATIONS 


Many  of  the  technical  factors  which  Influence  the  general  form,  perform, 
ance  and  functional  features  of  a terminal  are  evaluated  In  Section  3.0.  On  the  basis 
of  these  cost-dependent  factors,  It  is  possible  to  synthesize  an  implementation  approach 
which  meets  the  basic  guidelines  and  objectives  of  the  study.  A summary  of  the 
recommended  configurations  and  terminal  features  Is  presented  in  this  section. 

4,1  The  "D”  Terminal 

The  "D"  terminal  forms  one  of  the  basic  building  blocks  of  any  image 
transmission  system  which  would  be  constructed  using  the  technology  discussed  above. 

This  terminal  is  the  one  which  is  most  likely  to  be  implemented  in  large  quantities  in  any 
practical  network  arrangement.  This  terminal  transmits  (and  receives)  medium  readability 
imagery  (and  lower)  to  (and  from)  all  other  types  of  terminals.  A block  diagram  of  the 
"D"  ferminal  configuration,  shown  In  Figure  4.1,  consists  of  a separate  medium 
readability  receiver  and  transmitter,  data  processing  module  with  memory  buffer  and 
REARCS  coder.  Communication  security  and  modem  equipment  are  also  included  In 
the  block  diagram  but  have  been  treated  as  part  of  the  communication  link.  The  medium 
readability  receiver  is  a laser -galvanometer  recorder  which  is  capable  of  recording  on 
either  dry  silver  paper  or  film.  The  medium  readability  transceiver  is  a laser-galva- 
nometer scanner  which  can  scan  either  opaque  or  transparent  products.  An  artist's 
concept  of  a commercial  grade  "D"  terminal  configuration  is  shown  in  Figure  4.2. 

The  laser-galvanometer  recorder  is  located  in  the  center  and  the  smaller  scanner  unit 
is  shown  to  the  right.  The  REARCS  coding  selector  grid  and  associated  push  button 
selector  switches  are  located  on  the  top  surface  of  the  console.  The  console,  as 
depicted,  contains  the  data  processing,  commsec  and  modem  equipment.  In  practice, 
the  latter  two  devices  may  be  required  to  be  physically  located  away  from  the  terminal 
equipment  to  meet  communication  security  requirements. 
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Figure  4. 1 . "D"  Terminal  Block  Diagram 
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Figure  4.2.  "D"  Terminal  Artist's  Conception 
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The  principal  top  level  "D"  terminal  characteristics  and  performance 
parameters  are  highlighted  below: 

Loser-Galvanometer  Scanner  (Transmitter) 

• Dual  Scan  Density:  400  and  200  Ipi 

• Average  rcan  rate  of  approximately  30  Ips 

• Quantization  at  6 bits/sample 

e Paper  opaque  or  film  transparency  input  medium 
e Nine  inch  wide  by  13  inch  long  image  size 
loser-Galvanometer  Recorder  (Receiver) 
e Dual  Scan  Density:  400  and  200  Ipi 
e 30  Ips  average  scan  rate 

e Quantization  at  6 bits/sample  (5  bits/sample  preserved  on  film) 
e Recording  medium:  200-foot  rolls  of  3M  Brand  Dry  Silver  Paper  or  Film 
e Nine  inch  wide  by  13  inch  long  image  size 
e Positive  or  negative  recording  polarity 
Data  Compression 

e Operator  Selectable  REARCS  with  Huffman  DPCM  Coding 
e Three  operator-selectable  tolerance  or  deletion  modes 
Communication  Interface 
e Digital  or  Analog  Communications  Links 
e MIL-STD-188C  Compatible 
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Compatible  with  2.4,  4.8,  9.6,  16  and  32  kb/s  modems 
Compatible  with  most  COMSEC  equipment 


e 
e 

The  primary  features  of  the  "D"  terminal  are: 
e Unattended  receiver  operation 
e Dry  processed  recording  materials 
e Compatible  with  all  other  terminals 
e Microprocessor  controlled  coding  and  terminal  control 
e Upward  compatibility  (modularity) 
e Up  to  32  kb/s  transmission  rate 
e REARCS  compression 

e Low-cost  laser-galvanometer  recorder/scanner 
4.2  The  "Dro"  Terminal 


* 

I 


The  "DRq"  terminal  is  a descoped  version  af  the  "D"  terminal  and 
represents  the  minimum  terminal  configuration.  This  terminal  is  capable  of  only 
receiving  medium  readability  imagery  (ana  lower).  Consequently,  It  need  not  contain 
all  of  the  equipment  required  for  image  scanning  and  REARCS  area  selection.  This 
configuration  is  the  one  which  is  most  readily  adapled  to  mobile  deployable  field  use. 
A block  diagram  of  the  "DRq"  terminal  is  shown  in  Figure  4.3.  The  performance 
parameters  and  features  are  Identical  to  those  listed  for  the  recording  aspects  of  the 
■’D"  terminal  listed  In  Paragraph  4. 1 and  are  not  repeated  here. 

4.3  The  "C"  Terminal 

The  "C"  terminal,  which  is  capable  af  recording  and  scanning  high 
readability  Imagery,  is  configured  as  shown  in  the  block  diagram  of  Figure  4.4. 
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Figure  4.3.  "0^"  Terminal  Block  Diagram 
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Figure  4.4.  "C"  Terminal  Block  Diagram 

The  major  differences  between  the  "C"  terminal  and  the  "D"  terminal  are  the  addition  of 
a drum  recorder/scanner  (transceiver)  which  Is  used  only  for  high  readability  Imagery, 
the  extension  to  the  memory  buffer  and  Interface,  and  c film  processor  for  the  film. 

The  approach  taken  to  achieve  terminal  modularity  Is  evident  by  comparing  the  block 
diagram  of  the  ”D”  terminal  to  the  "CH  terminal.  Ihe  equipment  characteristics  are 


identical  to  those  described  for  the  "D"  terminal  with  the  exception  of  those  factors 

i 

which  relate  to  the  high  readability  transceiver.  This  equipment  consists  of  a laser 
drum  recorder/scanner  which  has  the  following  characteristics: 

e Single  scan  density  at  800  Ipi 

e Single  rotation  rate  at  2,000  r/min 

J 

e Six  bit  quantization  preserved 

| 

e Scan  and  record  on  wet  processed  silver  halide  film 

I 

e Nine  inch  wide  by  13  inch  long  copy  size 

1 

The  physical  appearance  of  the  "C"  terminal  equipment  is  nearly  identical 
to  the  "B"  terminal  equipment  shown  as  an  artist's  concept  in  Figure  4.5. 
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The  "B"  Terminal 


The  "B"  terminal  configuration,  which  is  capable  of  recording  and  scanning 
photo  interpretable  images,  is  the  most  sophisticated  and  costly  of  the  terminal  types. 

It  is  implemented  by  adding  capability  to  the  "C"  terminal  described  in  the  previous 
section.  Figure  4.6  shows  a block  diagram  of  the  basic  "B"  terminal  components. 

In  this  case,  the  photo  interpretable  transceiver  is  an  upgraded  version  of  the  "C" 
terminal  drum  transceiver  and  operates  at  three  scan  densities;  800,  1,600  and  2,000 
Ipi . The  data  processing  memory  extension  is  greater  than  required  for  the  "C"  terminal. 
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The  normal  interconnection  path  to  other  terminals  is  through  the  32  kb/s 
link  shown  at  the  bottom  of  the  block  diagram.  This  link  is  used  when  the  data  has  been 
scanned  at  400,  800,  1,600  Ipi.  A high  speed  channel  (1 .5  Mb/s)  Is  shown  at  the  top 
of  the  diagram  for  use  only  when  2,000  Ipi  Imagery  is  to  be  transmitted  to  other  "B" 
terminals.  The  communication  over  this  link  may  be  made  secure  and  may  include 
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Figure  4.6.  NBM  Terminal  Block  Diagram 
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some  form  of  simple  data  compression  such  as  Huffman  encoded  DPCM.  Figure  4.7 
shows  a block  diagram  of  the  major  blocks  required  to  configure  a special  channel  from 
the  PI  quality  transceiver  over  a 1 .5  Mb/s  communication  link. 


700  kb/i 
OR 

1.5  Mb/s 
LINK 


Figure  4.7.  "B"  Terminal  for  Photointerpretable  Imagery  Over 
High-Speed  Communication  Links 


The  principal  features  of  the  "B"  terminal  are  listed  below: 
e Minimum  operator  intervention  in  receiver  mode 
Low  risk  drum  technology  for  PI  quality 
Lfc  to  32  kb/s  transmission  plus  1 .5  Mb/s  option 
REARCS  compression  at  32  kb/s 
Two-device  recorder/scanner 
Operates  at  2,000  Ipi  between  "B"  terminals 
Operates  at  1,600  Ipi  for  backup  over  lower  rate  link 
Compatible  with  all  terminals 


The  ultimate  "B"  terminal  configuration  is  one  which  is  capable  of 
transmitting  and  receiving  PI  quality  imagery  over  1.5  Mb/s  lines  with  data  compression 
in  excess  of  5:1 . This  requirement  represents  a significant  departure  from  those  which 
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are  evaluated  in  the  previous  section,.  A,  shown  in  Paragraph  3. 1 .2  and  3.9,  such  o 
requirement  lead,  one  to  o terminol  configuration  requiring  on  expensive  high  speed  loser 
beam  recorder/scanner  and  special  high  speed  coding  and  decoding  logic. 


5.0 


PROGRAM  CONSIDERATIONS 


Thu  section  is  devoted  to  o brief  discussion  of  some  program  related  factors 
which  are  derived  from  the  analyses  mode  ond  the  conclusions  reached  in  the  previous 
sections.  The  identified  program  related  factors  include  recommendations  for  continued 
technical  evaluation  and  testing  plus  cost  estimates  which  are  based  on  the  terminal 
configurations  discussed  in  Section  4.0. 

5. 1 Technical  Considerations 

During  the  course  of  this  study  several  technical  questions  arose  which, 
because  of  the  severe  time  constraints,  were  not  oddressed  to  the  depth  that  is  required 
for  a program  of  this  type.  Accordingly,  the  following  list  is  submitted  as  a recommen- 
dation for  consideration  as  advonced  development  for  the  program: 

1.  A detailed  trade-off  analysis  of  the  different  source  encoding  algo- 
rithms for  application  to  the  nonredundont  areas  of  the  REARCS 
algorithm  is  recommended.  Analysis  of  this  problem  is  complicated  by 
several  interrelated  factors  including  technical,  operational  and  data 
origination.  The  technical  factor  is  primarily  related  to  the  perform- 
ance of  the  algorithm  compared  to  the  complexity  of  implementing 
the  algorithm.  The  emphasis  should  be  placed  primarily  on  a compari- 
son of  transform  codings  versus  various  DPCM  entropy-coded 
approaches.  The  operational  considerations  involve  both  interface 
compatibility  between  terminals  (i.e.,  should  a common  algorithm  be 
used  for  all  terminals?)  and  the  degree  of  availability  of  data  which 
may  be  available  only  in  Fourier-transformed  forms.  Thirdly,  it  is 
possible  that  data  which  undergoes  cascaded  source  encoding  processes 
from  DPCM  through  transform  encoding  moy  suffer  in  quality  due  ta 
the  compounding  effects  of  successive  operations.  An  approach  ta  o 
solution  requires  that  the  operational  questions  be  oddressed  first  at 
the  proper  clearance  level  to  that  the  proper  framework  for  technical 
analysis  and  simulation  can  be  established. 

92 


2.  A project  to  determine  a practical  "filter"  which  would  reduce  the 
bandwidth  requirements  of  the  imagery  but  still  retain  adequate  infor- 
motion  for  tactical  exploitation  is  recommended.  Throughout  this  study 
it  has  been  assumed  that  a very  simple  decision  process  is  employed 
when  high  quality  imagery  is  transmitted  ta  less  sophisticated  and 
lower  quality  terminals.  For  example,  consider  the  situation  of  having 
2,000  Ipi  imagery  ond  a communication  bandwidth  link  to  a user  which 
only  allows  for  800  Ipi  point  rostering.  One  method,  and  the  simplest, 
is  to  transmit  one  of  the  pixels  in  every  2.5  x 2.5  pixel  array. 

Another  approach,  and  one  requiring  more  storage,  is  to  transmit 

one  pixel  which  represents  the  average  value  of  the  pixels  in  the 
2.5  x 2.5  array.  This  is  termed  uniform  averaging.  A more  general 
approach  provides  for  weighted  averaging  by  transmitting  one  pixel 
which  is  the  weighted  average  over  one  or  more  arrays  of  2.5  x 2.5 
pixels  each. 

The  analysis  of  this  problem  requires  a trade-off  between  implementa- 
tion complexity  and  the  potentiol  for  improved  image  quality  from 
more  complex  filtering.  The  trade-off  should  be  made  on  the  basis  of 
impact  on  the  "B"  and  "D"  terminal  hardware  and  softwore  performance 
and  cost.  A facility  which  has  the  capability  for  experimentally 
altering  the  filtering  operations  should  be  used  with  standard  tactical 
reconnaissance  photography  to  evaluate  the  effects  on  image  quality. 

3.  It  is  recommended  that  the  "specifications"  for  the  MTF  amplitude  and 
phase  response  for  the  "I"  and  "D"  terminals  be  formulated.  This 
specification  should  include  both  amplitude  and  phase  factors  extend- 
ing from  dc  to  twice  the  sampling  density.  The  approach  recom- 
mended is  one  involving  three  phases.  The  first  is  a detailed  analysis 
of  the  terminal  recorder/sconner  transfer  functions  including  the 
effects  of  spot  profile,  modulator  bandwidth,  recording  media 
limitations,  etc.,  over  the  operating  ranges  of  the  equipment.  The 


second  is  an  evaluation  of  the  MTF  and  phase  rolloff  sensitivity  for 
standard  tactical  reconnaisance  imagery  which  con  be  determined 
largely  by  experimental  techniques.  Finally,  a detailed  second- 
level  design  of  the  MB"  and  "D"  terminals  is  recommended  which 
would  include  appropriate  filtering  concepts  to  achieve  the  best 
performance  versus  implementation  trade-off.  The  second-level 
design  effort  should  also  include  a careful  analysis  (and  experimental 
verification)  of  the  acousto-optic  cross-track  dither  concept  and  a 
thorough  character  I tat  ion  of  dry  silver  film  and  paper  for  MR  and  HR 
image  applications. 

5*2  Cost  and  Schedule  Considerations 

Previous  sections  dealt  with  the  application  of  measurable  scientific 
principles.  This  section  will  deal  with  the  rather  subjective  areas  of  cost  and  schedule. 
These  parameters  could  vary  significantly  depending  upon  who  performs  the  measurement. 
The  estimates  included  here  are  based  upon  knowledge  of  typical  imagery  and  data 
processing  equipment  development  and  production  costs.  Both  commercial  and  military 
types  af  equipment  will  be  addressed. 

Nonrecurring  Activities 

Nonrecurring  activities  are  those  necessary  to  take  existing  equipment, 
implement  new  technology  and  update  the  designs  ta  provide  prototype  terminals  meet- 
ing the  requirements  presented  earlier.  Table  5.1  shows  estimates  af  the  costs  to  the 
Government  associated  with  obtaining  the  first  unit.  It  should  be  noted  thot  the  esti- 
mates are  in  "1976"  dollars. 
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Table  5.1 . First  Unit  Costs  ($000) 


Terminal  Type 

Commercial 

Specifications 

Military 

Specifications 

545 

1,120 

NQM 

265 

560 

NOTE 

The  nonrecurring  cost  for  the  HD"  terminal  is  also 
included  in  the  cost  for  the  NBN  terminal . 


In  regord  to  schedule,  the  first  commercial  prototype  could  be  delivered 
12  months  after  go-ahead.  The  military  model  would  probably  take  15  months. 

Recurring  Activities 

Estimates  of  recurring  costs  for  small  ( S10)  lots  of  terminals  In  terms  of 
"1976"  dollars  are  shown  in  Table  5.2 . 


Table  5.2.  Unit  Costs  in  Lots  of  Ten  ($000) 


Terminal  Type 

Commercial 

Specifications 

Military 

Specifications 

240 

300 

"D" 

100 

180 

Program  Costs 

Three  theoretical  programs  hove  been  investigated  in  regard  to  costs  and 
funding  requirements.  These  programs  are  defined  os: 
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1 . European  Test  Net  - This  progrom  would  deploy  four  "B"  and  12  "D" 
terminal!  at  selected  sites  in  Europe  by  the  beginning  of  1977  for 
evaluation  under  conditions  of  actual  use.  The  terminals  would  be 
built  to  commercial  specifications. 

2.  Solid  Shield  1978  - This  program  would  deploy  five  "B"  and  five  "D" 
commercially  specified  terminals  within  the  United  States  by  the  end 
of  1977  for  use  in  the  Solid  Shield  1978  exercise.  Again,  evaluation 
would  occur  as  a result  of  actual  use. 

3.  Normal  Preproduction  Production  Program  - This  program  would  be  the 
normal  military  hardware  procurement  program  with  definition,  proto* 
type,  qualification  test,  operational  evaluation,  preproduction  and 
production  phases. 

For  estimating  purposes,  four  prototypes  of  each  terminal  types  hove 
been  included  with  27  production  MB"  terminals  and  131  production 
”D"  terminals.  9 

Table  5.3  shows  cost  estimates  applied  by  calendar  year.  Factors  were 
included  for  economies  in  producing  quantities  and  for  the  effects  of  inflation.  Costs 
include  nonrecurring  efforts  and  contractor  O&M  support. 

Table  5 .3  . Program  Costs  ($000) 


1976 

1977 

1978  1979 

1980  1981 

1982  Total 

European  Test  Net 

2,500 

300 

2,800 

Solid  Shield  *78 

1,300 

800 

100 

2,200 

Test  Net  and  Solid  Shield  3,500 

1,200 

100 

4,800 

Preproduction/Production  1,000 

1,500 

1,000  6,500 

11,000  8,500 

3,000  32,500 

96 


NETWORK  CONSIDERATIONS  - EUROPE 


Al  .0  INTRODUCTION 

A look  wot  token  at  the  assets  available  for  com  nuni coting  in  the  European 
theater  of  operation  during  the  1976/1977  time  period  and  beyond.  The  available  assets 
and  means  in  which  they  might  be  utilized  has  been  reported.  Recommendations  as  to 
what  the  ground  rules  might  be  for  establishing  on  imagery  dissemination  test  in  Europe 
are  discussed.  Overall  evolutionary  trends  of  the  DCS  and  other  interfacing  communica- 
tions  assets  are  described  herein. 

It  is  understood  that  a demonstration  will  be  established  in  the  76/77  time 
frame  in  the  European  theater  involving  4 "B"  and  12  "D"  terminals.  No  attempt  will  be 
made  to  select  the  sites  since  this  is  the  Government's  responsibility,  but  ground  rules 
which  could  affect  the  successful  outcome  of  the  overall  experimental  test  program  and 
the  site  selection  will  be  discussed.  The  flexibility  in  providing  various  data  rates  in 
addition  to  the  2400  b/s  test  system  rate  will  also  be  covered.  DCA-EUR  will  allocate 
any  circuits  required  in  the  DCS  assets  in  the  European  theater.  Rules  for  describing  the 
needs  for  the  experiment  can  be  derived  from  the  material  presented  here. 

A2.0  EUROPEAN  COMMUNICATIONS  ASSETS 

The  current  DCS  is  predominantly  analog  in  nature  i .e . , the  4 kHz  (3  kHz 
on  some  undersea  cable  and  HF  radio)  frequency-division  multiplex  (FDM)  voice  channel 
is  the  carrier  of  mast  of  the  information  transferred  over  the  DCS. 

A2.1  AUTOVON 

The  switched  voice  network  commonly  known  as  AUTOVON  is  a network  of 
voice  channels  switched  on  a space  division  basis.  Data  transferred  over  this  network  is 
converted  to  quasi-analog  signals  and  synchronization  between  terminals  is  on  an  end-to- 
end  basis  in  the  form  of  both  bit  time  recovered  from  the  received  signal  and  frame  or 
block  timing  based  on  specific  data  stream  format . This  system  Is  the  DCS  equivalent  of 
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the  commerciol  telephone  system  that  we  all  use  at  home.  In  addition  to  the  normal  func- 
tions of  the  commercial  system  such  functions  os  preemption,  conferencing,  survivobility, 
and  precedence  coll  initiation  are  provided.  In  Europe,  the  primary  AUTOVON  switch- 
ing centers  ore  located  in  Germany,  Italy,  England,  Greece  and  Spain  os  listed  in 
Table  A1 . 


Table  A1 . European  AUTOVON  Sites 


Feldberg,  FROG 
Langerkopf,  FROG 
Donnersberg,  FROG 
Schoenfeld,  FROG 
Coltano,  Italy 


Mt.  Vergine,  Italy 
Martlesham  Heoth,  UK 
Hillingdon,  UK 
Mt.  Pateras,  Greece 
Humosa,  Spain 


An  interconnecting  network  has  been  assembled  between  these  circuit  switch- 
ing sites.  It  is  possible  to  dial  anyone  in  the  world  who  is  connected  to  the  AUTOVON 
telecommunications  network  and  If  the  dialing  party  has  the  correct  level  of  precedence 
and  the  other  party  is  available  a connection  can  be  accomplished.  Any  terminal  inter- 
facing with  AUTOVON  which  utilizes  the  correct  addressing  scheme  as  spelled  out  in  the 
AUTOVON  standards  can  communicate  with  another  like  terminal. 


A2.2  AUTODIN 

The  switched  data  network  is  a message  store-and -forward  switched  network. 
Data  in  AUTODIN  is  transferred  over  4 kHz  voice  channels  in  a quasi-analog  form  and 
synchronization  and  encryption  is  on  a link-to-link  basis;  i.e.,  from  user-to-switch, 
switch-to-switch  and  swltch-to-user.  It  is  a master-slave  relationship  in  that  AUTODIN 
switching  centers  contain  highly  accurate  clocks  and  synchronous  terminals  are  configured 
to  be  slaved  to  the  timing  recovered  from  data  streams  received  from  the  switch.  Frame 
and  block  timing  is  alio  obtained  through  the  rigid  format  and  protocol  used. 

In  Europe,  there  are  four  AUTODIN  store -and-forword  message  switching 
centers.  These  are  located  in  Germany,  Italy,  and  England  as  shown  in  Table  A2  below. 
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Table  A2.  European  AUTODIN  Sites 

Pirmasens,  FROG  Coltano,  Italy 

Ai^berg,  FROG  C rough  ton,  UK 

The  AUTODIN  Switching  Center  accepts  properly  formatted  data  from  sub- 
.criber  terminal,.  A hierarchical  nett,  level  ,„b,c,ibe,  Interface  point  i.  ,h.  Olgi.ol  Sub- 
.cribot  Torminal  Equipment  (OSIE).  A terminal  ,«quJri„g  digital  tromfer  of  information  to 
onothor  torminal  may  Interface  oithor  through  th.  DSTE  or  directly  with  th.  AUTODIN 
Center  once  it  ha.  been  .mured  ,hot  the  prop.,  format  and  blocking  i,  being  „,*.  Th. 

AUTODIN  standard.  .pwify  ,h.  proper  mono.,  - which  terminal,  may  Interface  thi.  .tore- 
and-forward  message  switching  network. 

^•3  AUTOS  EVOCOM 

The  current  ..cur.  voice  network  I.  .witch*  on  a .poc.-divi.ion  bo.1.  over 
a comblnotlon  of  4 kHz  voice  chonnel.  and  .pedal  JO  kb/,  condition*  circuit..  Depend- 
ing on  the  <peciflc  circuit  wrap,  .ynchronlzatlon  I.  either  on  on  end-to-end  bod,  or  on  a 
u.er-r o-.wi tch -t o-user  bo.1.  or  the  .witch  would  regenerate  the  .ignal. 

Thm.  or.  four  AUTOSEVOCOM  wideband  AN/FTC-31  .witch  .ite,  locoed 
in  Europe.  These  are  located  as  shown  in  Table  A3. 


Table  A3.  European  AUTOSEVOCOM  AN/FTC -31  Switch  Sites 

London,  UK  Heidelberg,  FROG 

Weisbaden,  FROG  Stuttgart,  FROG 

The  current  application  of  this  system  is  to  interconnect  localized  subscribers 
(tho..  Within  20-30  kilometer,  of  each  other  via  a .pedal  30  kb/,  wideband  «nrlc. 
which  i.  automatically  .witched  through  th.  FTC-31  .witch.,).  ,f  , long-heut 
necon  ,.  retired,  the,,  i,  on  opera, or-controll*  .witchboo*  coll*  ,h.  SEVAC  auocl- 
ot*  with  each  FTC-31  tho,  ollow,  narrowbond  2.4  kb/,  to  9.6  kb/,  intenwitch  connection. 
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o 50  kb/,  .ubicriber  in  th.  London  oreo  con  be  connected  to  o .imilor  wb- 

; 7 :h<|  7°Wband  •""*  *•  ='«•  TK.  ,y,t.m  could  b.  modified  ,o 
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wi,  22 1 on  Tl — 1 for  m*n,i“,in9  ,h" pouibili,y "" 11 

7 r D0D  VOiC*  “i"  - «*W-  In  th.  fctut. 

,uch  (hot  tb.  current  AUTOSEVOCOM  .y,„m  |,  ^ |00„r 

A2,4  DCS  Transmission  Facilities 

Or,  • *.  , Th*'*  '•  ° ,'9",f'eaW  - “«-**-  MIM.  interconnecting  the 

DCS  in  tb.  European  them.r  of  Tb.  „dia  include.  microwoue,  coble,  rropo- 

scatter  communication,  HF  radio  and  commercial  PTT  faclll,l„. 

Since  man,,  of  tbem  tron.mi.,ion  nwdio  interface  a,  relay  nodal  point,,  it  i, 
«,ory  to  accem  the  ,)r.,.m  .olely  at  AUTODIN  or  AUTOVON  .witching  , 

* 222  ,al"  ° b—n  two  (witcbe,  ho, 

Wbm  ,.  cal  W drop,,  it  i.  pomibl.  ,0  „ (hi,  pain,.  othm  word,  a,  o given  nodo, 

7 . ^ k 7 Ca"  ^ by  ,b*  °,',,eh,d  "S—"*"  <0^«  of  a lubmctor  of 
,0P*°"  'h*  0-S*  *—  .code  channel,  or  trunk  wb»t.  are  v.|,  am, 

^ ,022m  ” *W,'C,>i'’8  *~d  » *•  *"  »M  multiplex  icheme. 

“ 7 ' P°“,bU  ,0,n,W  *"  *—  X — voice  grade  lev.,  ,4  kHz 

7"  7 °' ""  W * - W*  lovol  inaeed,  throu*  proper  priority  o,  ,b. 

zzr  *- 1-*— i.wUi- 

2 . ln,,rf0Md  Wi,h  — 'be  multiple,  bank,  a,  relay  node,  „ at  tb. 

switching  centers  themselves. 

DCS  dm,  I , T7  " CU"*n'l/  "*  W,lli'*  ^ tetminol  emaciated  with  the 
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Table  A4.  Transmission  Facilities  - Europe 


Mi  crowave 

Tropo 

Other 

FRC-37 

FRC-75 

Cable 

MW-508D 

MRC-80 

HF  TRC-24 

MW -509 E 

FRC-96 

TEL  PACK 

LC-8 

FRC-136 

SATCOM  Tormina 

74A2 

MRC-98 

HM-5 10/560 

MRC-121 

TRC-180 

TRC-66 

TRC-150 

FRC-56A 

FRC-109 

LC-4 

FM-120 

FRC-80 

FRC-147 

EM-12/400 

MW -503 

FRC-84 

FRC-39 

A3.0  TEST  RECOMMENDATIONS 

The  factors  that  will  have  on  Impact  on  the  desipi  of  an  experimental  imog- 
ery  dissemination  effort  in  the  European  theater  of  operation  ore  discussed  in  the  following 
paragraphs.  Of  particular  interest  are  comments  on  the  rules  that  should  be  adopted  in  the 

planning  of  a successful  experiment  for  the  dissemination  of  secure  imagery  through  auto- 
matic or  manual  means. 


A3. 1 Nodal  Adjacency 

It  is  very  important  that  the  tail  connections  to  nodes  or  switching  centers  be 
minimized  in  length.  The  longer  the  toil,  the  more  corrupt  It  became,  from  the  standpoint 
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of  noise  Of  other  external  influences.  These  factor,  h.m 

......  * ,0Ct0f‘  b*com*  mor«  'mportont  when  rotes  in 

A °r*  • Th*  AUTOVON  „ W01  furKJam.n.otly  d„ign.d 

“ oo  analog  vole.  ,,  tchlng  and  ,ran.mi.,an  n.,work . Wo,.,  it,  di„,ibutio„ 

'-on*,  and  fch  can,, a.  foci, I, I.,  a,.  *,b,.ct  ,0  dlgl,.,  bo^  „ (b#  fac, 

y **"  ^ ***  ">'*  - o'  diitutbing  facto, . A, .a.  If  t.rmin.1  ,it. 

0“""”  8f'  88i°C*'"  *»  focilitlM  a,.  mor.  Ilk.,,  ,o  b.  avail*!.. 

Th.  AUTODIN  ,it«  o„  RED  from  a TEMPEST  .tondpolnt.  Th«,.fo«,  if 
..-Inal  W „ to  b.  h*Ml  within  th.1,  .nvlrm,,  ,lbou,d  b.  ony  >poe. 

)'  “ M'y  ,h*  TEMPEST  On  th.  ath,,  hand,  ,h.  AUTOVON 

and  nodal  locations  are  BLACK  in  nature. 


" " P°“ibl‘  ">  *"*•'  "»  */*••«  through  an,  nun*.,  of  m.an,  but  prlmorll, 
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at  16  or  32  kb/s.  An  8/16  kb/swiro  lino  modem  is  being  developed  by  Harris  ESD  under 
the  auspices  of  RADC . This  modem  in  its  early  development  form  may  be  availoble  in 

several  copies  during  the  time  frame  of  the  plonned  experiment.  The  16  kb/s  rate  is  only 
adequate  when  utilized  with  CVSD  voice  onalog-to^igital  conversion  since  it  essentially 
will  have  oKRon  the  older  of  10’*.  The  eight  kb/s  mode  will  hove  a 10  ^ BER  which 
will  be  adequate  for  the  imagery  interconnection.  This  development  should  be  kept  in 
mind  in  the  experimental  planning.  There  ore  quite  a few  modems  available  that  could 
serve  each  and  every  of  the  data  rotes  mentioned  above.  Therefore,  they  are  generally 
not  considered  a problem  unless  it  is  necessary  to  squeeze  into  a rather  norrow  channel 
bandwidth  such  as  a voice  grade  four  kHz  bandwidth  with  eight  kb/s  of  data.  Harris  ESD 
is  also  developing  a two  bits/Hz  modem  to  be  utilized  for  digital  trunking  applications 
and  olsa  is  being  developed  under  the  auspices  of  RADC.  The  considerations  relating  to 
KG's  are  detailed  later  in  Poragraph  A3. 7 . 

A3.3  Dial-Up  Considerations 

It  will  be  possible  to  conduct  automatic  diol  access  to  desired  imagery  ter- 
minals connected  to  the  AUTOVON  System  through  conventional  pushbutton  matrix  ini- 
tiation. The  matrix  is  conventional  from  the  standpoint  of  AUTOVON  since  it  has  addi- 
tional pushbuttons  relating  to  the  levels  of  precedence  invoked  in  that  system. 

It  will  be  possible  to  either  use  a telephone  subset  in  conjunction  with  the 
imagery  terminal  or  to  build  in  this  fanction  as  desired. 

A3. 4 Dedicated  Interconnections 

It  is  possible  to  provide  a strictly  preassigned  interconnection  system  on 
either  o point-to-point  or  multiline  point-to-point  basis.  The  dedicated  system  would 
allow  intercommunication  between  ony  two  terminals  ot  one  given  time  through  the  selec- 
tion of  the  proper  dedicated  channel  by  the  terminal  operators. 
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A3. 5 Operator  Intervention  * 

If  is  possible  fa  provide  a manual  infei connection  for  purposes  of  conducting 
the  imagery  dissemination  experiment  through  tech  control  patching  at  the  nodal  or  cir- 
cuit switching  centers.  This  could  be  operationally  adequate  for  the  experiment  but  would 
not  be  amenable  to  long-term  implementation  of  the  theater  dissem  I nation  system.  If  the 
AUTOSEVOCOM  is  modified  and  the  SEVAC  is  used,  an  operator  intervention  is  normally 
provided  for  the  50  kb/s  interconnections  should  the  terminal  operators  desire  such  assis- 
tance. This  only  applies  ta  the  case  where  long-haul  narrowband  trunking  is  associated 
with  the  50  kb/s  to  local  service. 

In  the  case  of  manual  PBX  operation,  on  operator  con  be  employed  to  con- 
duct the  interconnection  on  a requested  basts. 

A3 .6  Certified  Focllitles/Cleoroncos 

Since  It  is  expected  that  real  intelligence  imagery  will  be  transferred 
during  the  experimental  tests  in  Europe,  it  will  be  necessary  to  have  RED  facilities  from 
the  TEMPEST  standpoint.  This  also  implies  the  use  of  crypto  equipment  for  protection  of 
intersite  connections. 

It  is  essential  that  ony  special  clearances  required  for  contractor  personnel 
to  obtain  access  to  the  sites  where  the  terminals  are  to  be  utilized  must  be  acquired  in 
plenty  of  time  In  order  that  delays  In  entry  do  not  disturb  the  overall  experimental  test 
program.  We  hove  recently  participated  in  the  conduct  of  tests  of  the  EICS  system  devel- 
oped by  Harris  ESD  at  Ramstein  and  Schierstein  In  the  FROG.  Careful  planning  was 
required  in  order  to  ensure  the  smooth  running  of  those  tests. 

A3. 7 COMSEC  Considerations 

The  AUTOVON  System  con  provide  digital  interconnection  when  used 
with  2.4  kb/s  modems.  There  are  a number  of  contemporary  cryptographic  equipments 
that  con  satisfy  this  need.  Examples  are  the  members  of  the  KG-30  series,  the  anti- 
quated KG-13,  thenewKG-8!  ar  KG-82,  theKG-28,  etc.  Ifthereis  a system  need  to  go 
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to  data  rates  in  excess  of  1 Mb/s  with  the  KG-30  series,  the  HN-74  phasing  unit  is 
required . This  allows  secure  operation  in  excess  of  the  1 .5  Mb/s  contemplated  for  the 
imagery  dissemination  terminals. 

If  the  FTC-31  switches  are  used  for  local  50  kb/s  routing,  the  same  KG's 
as  above  could  be  used  after  one  deletes  the  KY-3  units  from  the  system,  interswitch 
narrowband  trunking  via  SEVAC  could  be  accomplished  directly  with  the  current  KG-13 
units  operating  at  2.4  kb/s. 

When  the  TRI-TAC  System  is  employed  In  the  field,  operation  will  be  con- 
ducted at  32  or  16  kb/s  using  the  LKG.  The  TED  is  generally  planned  for  trunking  at 
either  a trunk  level  or  sufamultiplex  level  between  TRI-TAC  switches.  However,  these 
units  (LKG  and  TED)  could  be  utilized  in  other  non-TRI-TAC  related  applications.  The 
TRI-TAC  use  could  only  be  employed  if  the  experiment  was  delayed  by  some  time . A 
ruthless  preemption  could  be  employed  in  that  case  and  up  to  20  Mb/s  trunks  could  be 
utilized  if  the  imagery  data  were  important  enough.  A current  system  for  interconnecting 
the  U.  and  S.  CINCS  is  currently  employed  which  utilizes  ruthless  preemption  at  50 
kb/s  for  secure  voice  conferencing. 

A4.0  COMMUNICATIONS  TRENDS  IMPACTING  EUROPE 

The  evolving  communications  technology  and  plans  that  will  affect  the 
dissemination  of  imagery  in  the  European  theater  (and  elsewhere)  are  now  discussed.  Since 
the  actual  deployment  is  a function  of  the  budgetary  and  political  policies  of  several 
future  administrations,  actual  dates  have  no  real  significance  in  depicting  the  evolution. 

In  their  place  the  time  periods  have  been  called  near  future,  digital  growth  explosion  and 
future  integrated  digital  network . A guess  for  the  three  periods  would  be  the  present  to 
1985,  1978  to  1995  and  1985  to  2015. 

A4.1  DCS-Neor  Future 

This  period  in  the  DCS  evolution  oonsists  of  two  major  thrusts;  that  is,  con- 
version of  transmission  paths  to  digital  operation  and  conversion  of  switching  to  time 
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division  techniques,  implementation  of  the  tronsmission  path  conversion  is  currently 
in  progress  on  a relatively  small  scale  test  bed  basis  ond  will  continue  throughout  the 

conversion  process,  implementation  of  the  switching  hierorchy  conversion  will  start  in 
the  near  future. 

A4. 1 . 1 The  FKV  Project 

This  project  is  being  implemented.  In  involves  conversion  of  selected  line- 
of-sight  microwave  links  in  Germany  from  FDM/FM  operation  to  9CM/TDM/FM  operation. 
The  paths  connect  Frankfurt,  Koenigstuhl  and  Voihingen,  thus  FKV.  It  utilizes  both 
commerciol  ond  military  versions  of  the  Bell  System  PCM/TDM  hierorchy.  All  analog 
signals  (voice,  quasi-analog,  data  signals,  signalling  tones,  focsimile,  etc.  are  converted 
to  digital  signals  in  o two-step  process;  i.e.,  amplitude  sampling  of  the  analog  signal  ot 
on  8 kilosamples  per  second  rate,  and  quantizing  of  these  samples  into  256  levels  using  an 
8-bit  word.  The  eighth  bit  is  olso  shared  as  o signalling  channel  for  supervisory  signals 
(on/off  hook,  etc.).  The  individual  quantized  signals  are  time  division  multiplexed  into 
o composite  signal  of  1 .544  Mb/s  representing  the  equivalent  of  24  voice  channels. 

Data  stream  users  in  digital  format  can  also  be  accommodated  in  later  configurations  of 
this  first-level  TDM;  i.e. , digital  I/O  cards  can  be  substituted  for  voice  channel  cards 
on  o one-for-one  basis  to  provide  0-50  kb/s  and  56  kb/s  asynchronous  ports,  and  56  and 
64  kb/s  synchronous  ports.  The  asynchronous  ports  are  accommodated  through  buffering, 
bit  stuffing  ond  encoding  techniques  while  the  synchronous  ports  are  clocked  by  the  TDM. 

The  second  level  TDM  occepts  from  two  to  eight  of  the  first  level  streams  on 
on  asynchronous  bosis,  i.e.,  each  first-level  TDM  uses  on  independent  internal  clock  at 
o nominal  1.544  Mb/s  rate.  Second  level  synchronization  is  accomplished  through  o 
combination  of  buffering  and  bit  stuffing.  The  composite  stream  is  then  converted  to  a 
three-level  partial  response  signal  and  applied  to  the  FM  modem  of  on  analog  oriented 
LOS  path  on  a link-to-link  basis  through  conventional  receive  time  recovery  techniques. 
First-level  TDM  synchronization  is  via  the  buffer/1>it  stuff/unstuff  processing.  Quasi- 
analog  data  users  via  the  PCM  voice  chonnel  maintains  synchronization  on  an  end-to-end 
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basis;  data  users,  via  the  digital  ports,  maintain  synchronization  through  the  buffer/bit 
stuff/encoding  processing  in  the  first-level  TDM  for  asynchronous  users,  and  on  a master- 
slave  basis  for  synchronous  users  with  the  user  slaved  to  the  first  level  TDM  as  master. 

The  beauty  of  this  scheme  is  that  while  It  permits  conversion  of  transmission 
links  to  digital  operation  with  its  inherent  improvement  in  performance  for  both  voice 
and  data  users  it  also  permits  retention  of  all  existing  analog  voice  channel  space-division 
switching  and  data  message  store -and -forward  switching. 


A4.1.2 


Project  DEB 


The  next  step  in  transmission  path  conversion  if  Project  DEB  which  is  a 
series  of  phased  tasks  for  further  conversion  of  the  European  LOS  links  to  digital  operation. 
Although  at  the  time  of  this  writing  a final  decision  has  not  been  made,  it  appears  that 
early  phases  will  be  a refinement  of  the  FKV  project.  Additional  LOS  links  will  be  con- 
verted to  digital  operation  utilizing  the  three-level  partial  response  modulation  scheme 
over  the  FM  LOS  radio  path.  However,  a Digital  Applique  Unit  (DAU)  is  being  devel- 
oped which  adds  considerable  capability  to  the  subsystem.  In  FKV,  the  binary-to-portlal 
response  signal  conversion  is  accomplished  as  a function  of  the  second-level  TDM  as  is 
recovery  of  bit  timing  interval  in  the  TDM  receiver.  Radio  path  diversity  combining/ 
switc.iir‘3  and  hot  standby  switching  ore  still  performed  on  on  analog  parameter  detection 
basis  at  the  IF  frequency  or  at  the  FM  baseband.  The  DAU  concept  combines  the  three- 
level  partial  response  modem,  a local  clock,  diversity  switching/combining,  receive  bit 
time  recovery  circuitry,  o means  of  pseudoerror  performance  monitoring,  insertion/ 
removal  af  digital  order  wire  channels,  hot  standby  switching  control,  o message  stream 
randomizer  and  other  digital  functions  in  a common  facility.  It  is  arranged  to  be  either 
synchronous  on  a link-to-Iink  basis  with  the  DAU  clock  and  receive  time  recovery  clock 
providing  timing  to  the  TDM  hierarchy,  or  to  operate  as  a slave  to  a station  master  clock 
which  can  be  an  independent  clock  or  a nodal  clock  in  a timing/synchronization  subsystem. 

The  TDM  hierarchy  will  also  be  refined  in  order  to  provide  8,000  n bits  per 
second  I/O  ports  for  compatibility  with  the  new  8,000  n bits  per  second  standard  data 
rate  users;  the  TDM  will  also  be  arranged  to  be  convertible  from  the  asynchronous  bit 


stuff  mode  to  a synchronous  nonbit  stuff  mode  TDM.  These  innovations  represent  good 
plonning  in  that  provisions  are  made  for  introduction  of  synchronous  operation  at  any 
time  period. 

Later  phases  of  the  DEB  project  will  probably  introduce  a new  digital  radio; 
i .e.,  one  which  eliminates  the  FM  modem  and  substitutes  a digital  modem  at  an  IF  inter- 
face. This  Is  known  as  the  DRAMA  terminal  and  includes  the  multiplex  and  radio  functions. 
This  radio  can  be  operated  on  a link-ta-link  synchronous  basis  or  as  a '.lave  to  an  external 
clock.  From  the  network  timing  point  of  view,  the  new  digital  radio  is  similar  ta  the 
DAU  concept  except  for  greater  bit  rates  and  some  potential  improvement  in  performance 
in  terms  of  average  BER,  availability  in  terms  af  average  BER,  and  in  mean-to-loss  af 
bit  count  integrity  during  deep  fades.  The  latter  is  extremely  important  in  the  case  of 
maintaining  cryptographic  synchronization. 

Harris  ESD  is  directly  involved  in  these  efforts  by  our  participation  with 
RADC  ta  develop  a 70  MHz  IF  interface  digital  modem  having  a 2-bit/Hz  bit  density  at 
RF,  our  internal  R&D  program  ta  develop  the  DAU,  our  contract  with  RADC  to  develop 
the  concepts  and  initial  units  of  an  8 kb/%/16  kb/s  wire  line  modem,  and  aur  participation 
with  DCA  and  the  Army  in  developing  specifications  for  the  digital  radio  and  conducting 
a study  of  the  precise  time  and  time  interval  requirements  for  the  evolving  DCS. 

A4.1.3  Digital  Tropo 

Another  ongoing  project  is  the  development  of  a digital  modem  for  use 
with  tropospheric  scatter  radio  links.  This  modem  will  interface  with  the  same  multiplex 
hierarchy  as  will  the  LOS  links  and  be  configured  ta  be  synchronous  on  a link-to-link 
basis  or  be  slaved  to  an  external  clock.  The  primary  difference  af  the  digital  TROPO 
link  will  be  the  lower  grade  of  performance  in  terms  of  bit  error  rate,  bit  count  integrity, 
availability  due  to  the  more  frequent  deep,  rapid,  and  dispersive  fades  and  o wider 
variation  in  path  length  due  to  these  fades. 
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A4.1.4  Bulk  Encryption 

Another  significant  change  during  these  efforts  is  the  Introduction  of  bulk 
encryption;  i .e.,  at  various  levels  in  the  TDM  hierarchy  as  opposed  to  encryption  on  an 
individual  user  channel  basis.  Encryption  will  also  take  place  on  a user  channel  basis, 
where  required,  but  all  information  traversing  the  digital  transmission  link  will  be 
encrypted  on  a bulk  basis.  These  bulk  cryptodevices  will  be  arranged  to  receive  timing 
from  the  modem  A DM  hierarchy  or  from  an  external  clock  source . The  actual  devices 
devised  for  this  application  are  the  Trunk  Encryption  Devices  (TSEC/KG-81). 

A4.1.5  DSCS 

The  DSCS  will  also  undergo  an  evolution  to  synchronous  digital  link  opera- 
tion. Although  the  present  DSCS  links  primarily  serve  unique  users  requiring  wide  bond- 
widths  and  access  to  remote  areas,  the  future  DCS  concept  envisions  a more  extensive 
j utilization  of  satellite  links  for  intomodol  trunks  and  conversely  the  terrestrial  DCS  will 

J provide  extensive  extension  of  the  satellite  channels  to  users  remote  from  the  earth 

terminal. 

The  DSCS  conversion,  in  most  respects,  parallels  that  of  the  terrestrial 
LOS  links;  I .e.,  some  link  conversion  on  the  basis  of  PCMA  DM/PM  and  most  on  the 
basis  of  single  channel  per  carrier  digital  modems.  Harris  ESD  is  participating  in  these 
efforts  with  SATCOMA  by  having  developed  the  PSK  and  QPSK  modems  being  used  in 
the  DSCS  terminals.  The  digitol  DSCS  terminals  will  also  contain  a timing  distribution 
capability.  On  the  receive  end  of  a link,  buffers  will  be  utilized  to  accommodate  the 
Doppler  effects  and  path  length  variations  caused  by  the  cyclic  satellite  pattern.  A 
portion  of  the  satellite  transponder  will  be  arranged  to  provide  a frequency  or  timing 
beacon,  receivable  by  all  earth  terminals  and  traceable  to  universal  time.  At  the  earth 
terminals,  this  signal  will  be  used  to  slave  modem  and  multiplex  clocks. 
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A4-1-6  Introduction  of  Time-Division  Swtiching 

introduction  of  timo-division  switching  which  is  a combination  of  temporal 
and  spatial  switching  In  conjunction  with  a supporting  time-division  multiplex  hierarchy 
forces  the  issue  of  synchronous  nodes . 

In  a time-division  multlpler^/switching  environment  with  bit  streams  arriving 
from  many  diverse  sources  with  varying  degrees  of  connectivity,  each  incoming  bit  must 
be  available  to  enter  its  assigned  timeslot  at  the  specified  instant  it  is  required.  An 
ideal  system  of  course  with  exact  time  at  every  node  and  fixed  delays  between  nodes 
could  easily  accommodate  this  requirement.  However,  in  the  real-world  environment, 
these  conditions  do  not  exist  and  there  are  variations  in  both  time  and  path  delay  between 
nodes  and  between  users  and  nodes. 

Two  major  DCS  programs  and  one  major  technical  program  force  this  decision; 
i.e.,  DCS  Secure  Voice  II,  DCS  AUTODIN  II,  and  TRI-TAC. 
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Secure  Voice 


Secure  Voice  II  envisions  conversion  of  CONUS  users  to  8 kb/s  operation 
using  voice  channel  modems  for  transmission  and  AUTOVON  space  division  switchiog 
modified  to  accommodate  the  6 kb/s  quasi -analog  signals.  However,  in  overseas  loootlons, 
during  the  same  period,  16  kb/s  secure  voice  will  be  introduced  !»  conjunction  with  a 
DCS  digital  time-division  switch  (this  switch  may  or  may  not  be  a configuration  of  the 
TRI-TAC  switch). 


Interface  between  the  CONUS  and  overseas  subsystem  will  be  at  a 
MAROON  interface.  Somewhat  later  some  of  the  CONUS  AUTOVON  switches  will  be 
modified  to  switch  the  8 kb/s  users  on  a time-division  basis . Also  during  this  period, 
lower  level  time-division  oriented  facilities  will  appear;  e.g.,  digital  PA8X  and  digital 
access  exchange  (DAX). 
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AUTODIN  II 


AUTODIN  II  plan*  not  only  to  provide  for  computer  teleprocessing  and 
record  communications  for  common  users  but  also  must  provide  for  absorbing  certain 
dedicated  networks  such  as  WWMCCS  and  SATIN  IV.  In  the  initial  stages,  the  CONUS 
switches  will  be  modified  to  provide  pocket  switching  for  several  hundred  terminals  and 
processors  while  continuing  to  provide  message  store  and  forward  switching  to  the  bulk  of 
its  users.  Later  during  this  period,  time-division  circuit  switching  and  multiplexing  and 
lower  level  time-division  oriented  concentrators  or  communications  access  processors  will 
be  introduced  in  the  CONUS  AUTODIN  II  complex.  Overseas  the  conversion  plan  is 
similar  except  for  a later  schedule  and  Military  ownership  versus  leased  facilities  in 
CONUS. 

Another  significant  change  introduced  by  AUTODIN  II  is  the  provision  for 
end  user-to-end  user  encryption  through  the  swl  tched  network  .?s  opposed  to  the  current 
user-to -switch,  switch-to-switch  and  switch -to-user  encryption.  This  is  significant 
because  the  existing  synchronization  in  AUTODIN  follows  the  link-to-link  encryption 
scheme  and  must  also  follow  the  AUTODIN  II  end-to-end  encryption  concept. 

TRI-TAC 

TRI-TAC  is  the  joint  Military  tactical  communication  system  and,  as  such, 
is  not  part  of  the  DCS.  However,  the  TRI-TAC  transmission  plan  depends  on  the  use  of 
DCS  trunks  to  interconnect  some  of  .the  TRI-TAC  switching,  multiplex  nodes.  The  TRI- 
TAC  switch  is  being  designed  as  a multifunction  switch;  i.e.,  it  will  handle  analog  voice, 
digital  voice,  and  data  traffic.  It  Is  a secure  system  and  utilizes  16/32  kb/s  rotes  for 
the  secure  voice.  It  will  provide  time-division  circuit  switching  for  voice  and  dcta  and 
message  store  and  forword  switching  for  record  communications.  There  is  no  switching 
hierarchy;  i.e.,  all  TRI-TAC  switching  centers  (ANATC-39  switches)  operate  on  a 
lateral  basis.  However,  when  connected  to  a DCS  node  for  transmission  trunking,  they 
will  appear  as  a minor  node  with  unique  characteristics. 


The  TRI-TAC  iwitch  subsystem  consists  of  subscribers,  digital  switchboards, 
encryption  devices  and  the  switch,  ail  af  which  are  interconnected  via  a time-division  ’ 
multiplex  hierarchy  and,  in  turn,  trunking  between  switches  is  via  a time-division  multi- 
plex fanily.  All  of  the  devices  and  links  within  a single  switch  subsystem  are  synchro- 
nized on  the  master-slave  basis  to  on  atomic  stondard  clock. 

The  first  few  TRI-TAC  switches  will  be  introduced  during  the  same  general 

period  as  the  limited  introduction  of  Secure  Voice  II  and  AUTODIN  II  time-division 
switching. 


^•2  The  DCS-Digitol  Growth  Explosion 

Thu  Period  caraiiti  of  oil  the  time  between  the  limited  Introduction  of  time- 
division  switching  ond  up  to  the  time  of  which  the  DCS  is  o totally  Integtotad  digital 
switch  networic.  AUTODIN  II,  Secure  Voice  II  and  TRI-TAC  time-division  twitches 
will  be  widespread  ond  the  great  bulk  of  tronunlssion  links  will  be  digital  links.  Digital 
subscriben  will  number  In  the  30-50,000'.  ond  switching  node,  will  number  in  the  20-30 

range.  The  twitching  centers  will  be  well  establish^  In  o tandem  ond  regional  witch 
hierarchy. 

This  hierarchy  is  barad  on  the  concept  of  the  tandem  switch  being  a trunking 
switch  serving  AUTODIN  II  raglonol  wltchra,  Secure  Vole.  II  digital  switches  ond  TRI- 
TAC  switches;  i.e.,  users  would  not  neutrally  heme  on  o tundra,  witch.  The  eonrapt 
olio  envisions  thot  a tandem  switch  would  always  be  colocated  with  a regional  witch 
ond  include  the  functions  of  a ma|or  Secure  Voice  II  switch . 

The  tandem  witch  thi*  becomes  the  DCS  ma|or  node  in  thot  It  Is  the  mo|or 
interface  between  the  backbone  trunking  subsystem  ond  the  tlmradlvlslon  centem  pra- 

vldlng  occras  to  that  trunking  for  oil  urat,  ,|o  their  mpectiv.  lower  level  witching 
canter. 

The  regional  switch  center.  Secure  Voice  II  switch  and  TRI-TAC  switch 
then  become  minor  nodes  in  thot  they  are  the  Interface  between  the  tandem  switch  (via 
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digital  links  of  a few  feat  to  many  mi  las)  and  tha  next  lowar  (aval  which  con  consist  of 
usars#  digital  PABX's,  DAX,  unit  laval  switches  (ULS),  communications  occess  proces- 
sor* independent  user  susbystems.  Minor  node  switches  will  normally  home  on  two 
tandem  switches  to  provide  link  redundancy. 

From  the  present  period  through  this  growth  period  and  on  Into  the  final 
period,  other  digital  system  conversion  efforts  may  be  implemented  by  others  and  must 
be  considered  since  the  DCS  Interfaces  with  these  systems  and,  indeed,  in  some  cases  is 
highly  dependent  on  them.  These  systems  are,  of  course,  the  commercial  carrier  systems, 
foreign  and  domestic,  and  military  systems,  other  than  TRI-TAC,  including  NATO  and 
other  allied  forces.  Foreign  common  carriers  are  embarking  on  digital  conversion  plans 
similar  Vo  that  of  the  U.S. carriers  although  somewhat  delayed  In  implementation  schedule. 

INTELSAT  is  moving  toward  construction  of  PCM/TDM/QPSK/TDMA  links 
at  bit  rates  of  50-150  Mb/s.  These  satellite  links  will  operate  in  a burst  mode  with  pr. - 
else  on-v  ? carrier  control  at  the  transmitter.  Receivers  will  have  very  rapid  carrier  and 
timing  Interval  acquisition  capabilities  and  all  earth  terminal  input/output  port  users 

mutt  be  synchronous  with  directly  related  data  clocks  by  a master-slave  relationship  with 
the  earth  terminal . 

NATO  and  Allied  Forces  interfaces  are  well  documented  In  the  final  report 

of  the  DOD  Committee  on  interoperability  and  much  of  the  specific  data  Is  classified. 
However,  in  general,  these  systems  are  adopting  the  8,000  nb/s  structure  and  16/32 
kb/s  rates  for  digital  voice#  the  NATO  satellite  trunks,  new  FDMfiM,  epp ear  to  be 
headed  toward  an  8,000  nb/s  digital  structure  upgrade. 

This  period  Is  truly  one  of  the  digital  erploslon;  not  only  in  terms  of  the 
DCS  but  also  Including  all  military  and  commercial  systems.  The  ’wired  city”  concept 
will  eppeor  on  military  installations  as  well  as  in  the  cities.  New  local  area  distri- 
bution transminion  links,  such  as  optical  waveguide,  fiber  optics,  millimeter  wave- 
guide and  LOS  radio  will  enter  the  various  subsystems. 
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A4.3  The  DCS-Future  Integrated  Digital  Network 

This  period  is  conceived  to  provide  a switching,  trunking  and  user  access 
network  to  provide  access  for  any  type  of  subscriber  or  subsystem  for  communications  of 
all  types  of  information  within  bandwidth  constraints  to  other  subscribers  or  subsystems, 
within  the  same  community  of  interest  or  between  communities  of  interest,  on  on  end-to- 
end  secure  basis;  the  JMTTS  Concept. 

This  period  would  seem  to  be  easier  to  accommodate  than  the  previous 
explosion  period.  Most,  if  not  all,  of  the  analog  facilities  will  have  been  converted  to 
digital  operation,  the  myriad  of  interface  problems  will  have  been  solved,  and  growth 
will  have  slowed  to  a more  reasonable  rate.  All  of  this  would  be  true,  if  technology 
would  stand  still.  However,  it  will  not  and  so  the  problems  presented  by  this  period 
and  those  following  are  predominantly  those  of  future  technology  and  its  potential 
demands  and  impact  on  the  DCS . 
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MISSION 

of 

Rome  Air  Develojrment  Center 


RADC  plans  and  conducts  research,  exploratory  and  advanced 
development  programs  in  command,  control,  and  coimunications 
(C3)  activities , and  in  the  C3  areas  of  information  sciences 
and  intelligence.  The  principal  technical  mission  areas 
are  communications , electromagnetic  guidance  and  control, 
surveillance  of  ground  and  aerospace  objects,  intelligence 
data  collection  and  handling,  information  system  technology , 
ionospheric  propagation,  solid  state  sciences,  microwave 
physics  and  electronic  reliability,  maintainability  and 
compatibility . 
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